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ABSTRACT 
This thesis is directed to non-ambulatory disabilities 
impairments that, regardless of manifestations, confine individuals to 
wheelchairs. 
For more than a decade, the physically disabled have been the 
concern of many interest groups. Their goals are predicated on the fact 
that the physical environment has been designed largely for the able-
bodied, creating a situation which has significantly inhibited 
accessibility for people with disabilities. With the passage of the 
Architectural Barriers Act of 1968, the needs and demands of the 
physically disabled have begun to be addressed by architects, designers, 
planners, builders, community decision-makers, and enforcers. Designing 
environments which accommodate both the physically disabled and the 
able-bodied has become a major concern of design professionals. 
The intention of this thesis is to sensitize professionals involved 
in the building industry to extend the range of the population to 
accommodate the physically disabled and their varied needs. 
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CHAPTER I. INTRODUCTION 
Introduction 
A handicapped person is an individual who has a mental, physical, 
or emotional disability or impairment that makes human performance 
unusually difficult. It should be noted that physical, mental, or 
emotional disabilities qualify as handicaps only if they hinder 
function. Moreover, the phrase "unusually difficult" makes it clear 
that the hindrance must be substantial; a slight or inconsequential 
disability or impairment is not a handicap (Burgdorf, 1980, p. 3). 
A handicapped person is anyone who is hampered in his mobility or 
functioning, as a result of obstacles put in his way by the design of 
man-made environment, i.e., the choice of hardware and equipment and the 
arrangement or organization of spaces. 
Man-made environments have been designed primarily with the able-
bodied person in mind and the effects of this narrow point of view 
confront us today. Much of the environment is inaccessible; very few 
design solutions recognize the needs of the disabled user. 
Architectural barriers include more than the inconveniences of a 
stairway, a too-narrow doorway, or a too-high telephone. They raise 
issues fundamental to our existence, the designed environment, and our 
humanistic tradition. 
The modern movement in architecture has claimed to be different 
from the architecture of the past because it is said to be for everyone, 
but at the same time its practitioners have thought of people as 
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abstract or average users (Hellman, 1983, p. 54). The norm has been 
based upon assumptions the mobility, size, strength, and capabilities of 
the average-sized healthy male. Women, children, the aged, the injured 
or frail, and the physically handicapped do not fit this norm and, 
therefore, are expected to make adaptations in using the man-made 
environment (Templer, 1983). Yet, sooner or later, most of us are 
likely to be handicapped by chronic or temporary disabilities or by the 
infirmities of old age. By designing for some average human, architects 
bar millions of people from getting an education, earning a living, and 
becoming part of active community life. 
Only the most intrepid among the handicapped risk the dangers and 
suffer the discomforts and humiliations they encounter when they try to 
overcome the barriers to live productive lives. These people live among 
us, they have hopes, talents, and ambitions like the rest of us. Due to 
medical and rehabilitation advances, the number of the aged and disabled 
people in the population is steadily increasing and fewer of them are 
house bound. Inevitably, there will be more handicapped people and they 
will use more buildings in common with everyone else. 
For the practicing architect, designing accessible buildings is a 
professional responsibility. When accessibility is an integral part of 
design from its inception, the resulting deSign is safe and useable by 
the vast majority of people. Such an environment allows disabled people 
to demonstrate that they have abilities; they can work, keep house, 
marry and raise children, they can be good friends and neighbors. The 
irony is that the architectural qualities that are positively evaluated 
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by the disabled are essentially no different from those valued by other 
users (Jones, 1978, p. 6). For example, when changes in level are 
required, ramps or elevators required for the disabled can benefit 
everyone. 
When we consider some of the formal, spatial, and symbolic 
qualities of architecture, some prevailing norms emerge. Stairs for 
example have often been given significant symbolic roles. Often used at 
the entrances to churches, public and government buildings, stairs are 
indeed indispensable elements in architecture and are often monumental. 
Frequently, stairs are an appropriate element in design solution, but 
there is a great deal to be said for the provision of alternative grade 
entrances and suitable ramps to make all buildings serving any public 
use accessible to everybody without embarrassment, pain, or risk. 
In order to eliminate architectural barriers, architects and 
designers must understand that all user groups and environmental 
accommodation should be considered. If designers and architects have a 
comprehensive understanding of the characteristics of human performance, 
the need for legislation guaranteeing the rights of access to the 
disabled would not be necessary (Jones and Catlin, 1978, p. 66). 
This thesis will direct its attention to the incorporation and 
utilization of design principles that can result in the construction and 
creation of functional, safe, and convenient man-made environments, 
responsive to the needs of all users. 
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Purposes of Study 
The purposes of this study are: 
1. To understand the scope of the problem of providing for 
handicapped access by: 
a) reviewing the literature to learn what architects and hUman 
service delivery professionals have learned and described as the 
principal issues providing useable environments for the handicapped; 
b) spending a day in a wheelchair to learn first hand how 
wheelchair bound people encounter the physical environment. 
2. To conduct a survey of design professionals and wheelchair 
bound people focusing on two commonly experienced accessibility 
problems: 
a) maneuvering space at doorways; 
b) transfer space at water closets. 
3. To develop design tools which would more clearly explain the 
nature of problems cited in 2~ referencing generally accepted design 
guidelines and offering specific solutions. 
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CHAPTER II. SCOPE OF THE PROBLEM: LITERATURE REVIEW 
Impairment, Disability, and Handicap 
Before discussing the dimensions and magnitude of the problem of 
disability, it is useful to clarify the concept of disability and 
distinguish it from the related, but separable concepts, of impairment 
and handicap. 
Impairment has been defined as any loss of psychological, 
physiological, or anatomical structure or function (Bury, 1979, p. 36). 
Impairments may be permanent or temporary, be present from birth, or 
acquired adventitiously. 
Disability refers to the impact of impairment upon the performance 
of activities commonly accepted as the basic element of everyday living 
(Bury, 1979,p. 36). 
Handicap is a mental, physical, or emotional disability or 
impairment that makes human performance unusually difficult. Handicap 
has come to represent the more profound effects of impairment and 
disabilities which implicate the whole person and not just selected 
incapacities (Court Report, 1976, p. 219). 
Handicap is a value judgment applied by others to an impaired-
disabled person on the basis of their failure to adequately perform 
customary social roles; value-judgment the impaired-disabled person may 
apply to him or herself, or vigorously reject. To move from impairment 
to handicap is to cover the distance from symptoms to social role. It 
is also to move from objectivity to subjectivity (Thomas, 1982, p. 7). 
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Table 1. Impairment, disability and handicapa 
Impairment 
Disability 
Handicap 
aBury, 1979, p. 37. 
(Intrinsic situations: exteriorized 
as functional limitations) 
(Objectified as activity restriction) 
(Socialized as disadvantage) 
The presence of impairment does not necessarily imply disability 
and neither does disability imply handicap. On the other hand, it is 
possible for impairments to lead to disablement or handicap. 
Who is Affected? 
Although he or she may not be one of the nation's 35-40 million 
people that will be limited in their mobility, every person in the 
United States, at some point in his or her lifetime, is likely to be 
handicapped. The population under discussion includes people with 
temporary or permanent disabilities stemming from illnesses, birth 
accidents, or injuries; people with energy limitations due to chronic 
illnesses; the aging and the aged; pregnant women; women (or men) with 
baby strollers, shopping carts; arms laden with packages; small people 
(children and dwarfs) (Morgan, 1976, p. 50). 
The effect of the problems of barriers built into our man-made 
environment, can best be illustrated with the following example. In 
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1957, the late Hugo Deffner of Oklahoma City was named "Handicapped 
American of the Year" for his one-man crusade against the unnecessary 
barriers that prevented him from moving freely about in his community. 
Two husky marines had to carry him to the stage of the federal building 
where he was to receive his award, shockingly illustrating a need for 
design without barriers to facilitate a building's total use and respect 
for the dignity of all men (Hilleary, 1969, p. 41). 
People with mobility limitations cannot use many public 
accommodations because it is physically impossible for them to gain 
access to these facilities. 
Specific Categories of Conditions Considered Disabilities 
The problem of inaccessibility in our man-made environment is not 
limited to a few persons or a few communities. In fact, it is estimated 
that there are an estimated 35-40 million people directly affected by 
environmental barriers (Czajka, 1984, p. 4). 
This estimate includes those people with activity limitations over 
65 years and older. By further extending the group of disabled people 
to include those with temporary impairments, the number sky rockets to 
approximately 45.5 million (Czajka, 1984, p. 2). For the purpose of 
this thesis, it is necessary to define specific categories of conditions 
considered as disabilities. 
Although there are terminological differences in enumerating and 
describing the particular conditions denoted disabilities, there is a 
fair amount of common ground among most of the formulations. Drawing 
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upon patterns to be found in the various statutory schemes, types of 
handicapping conditions generally tend to breakdown into the following 
categories (American Standards Institute, Al17.1-1961, p. 6) 
1) Non-ambulatory disabilities - those impairments that regardless 
of cause or manifestations, for all practical purposes, confine 
individuals to wheelchairs. 
2) Semi-ambulatory disabilities - those which allow the individual 
to walk with difficulty, perhaps with the aid of braces or crutches. 
This may include amputees, arthritics, victims of stroke and paralysis 
(partial), cardiac and pulmonary patients, and the grossly over-weight. 
3) Disabilities of incoordination or palsy due to brain or nerve 
injury, which impair the individual's mobility. 
4) Sight disabilities - blindness or impaired visual ability to 
perceive signals or dangerous situations. 
5) Hearing disabilities- deafness or impaired ability to hear 
warning signals or communicate. 
6) General disabilities due to aging, which reduce the 
individual's mobility, perception, and coordination. 
7) Temporary disabilities due to broken limbs, sprains, illness, 
pregnancy, etc. 
8) f.1ental retardation is not included as such in this list of 
physical handicaps. However, many mentally retarded individuals have 
impaired physical abilities and benefit from barrier-free design. 
In order to understand the complexity of problems related to the 
physically disabled population, the causes and extent of disabling 
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conditions must be examined (Fig. 1). Surveys of the disabled 
population indicate that the major cause of disability is muscular-
skeletal disorders. Diseases of the bones and of organs of movement and 
circulatory disorders account for more than fifty percent of the major 
disabling conditions (Burgdorf, 1980, p. 40). In most cases, 
individuals experiencing disabling chronic conditions are able to carry 
out normal activities. Those individuals who require a more adaptable 
environment are the severely disabled. In 1979-80, it was estimated 
that about 7.9 million individuals were classified as severely disabled 
(Czajka, 1984, p. 2). 
Why the Problem Persists 
Despite the achievement and work of many citizens involved in the 
barrier-free movement, disabled people are still barred from many places 
they want to go, from getting an education, earning a living, or 
becoming a part of the active community life. The population at large 
remains unaware of the problems disabled people face in our man-made 
environment. The problems persist as a result of the following reasons. 
A. Missing information 
Professionals and the disabled cannot agree upon a set of 
operational concepts for defining, discovering, reporting, and measuring 
disability. t10st of the essential data that can be used for effective 
planning therefore are not available (Dejong & Lifchez, 1983, p. 46). 
10 
en ~ ~ e: VI 0 .,.... >. '-
e: ,.... en .c: ::I 
QJ ~ '- 0 0- VI t: ... '- I'd '- 0 en en "0 I'd ,..... QJ '- QJ QJ ,.... e: ,..... ::I ,..... ~ ~ '-VI I'd 0 ::I uen .c: I'd en 0.. ::I 0- U uen .,.... u 
'g >. I'd e ~ en I'd ~ (/) e: I'd I'd 0 ::I "0 U I- u l-g I'd > QJ 0 en 
·z 'g 0 0 >. en .,.... > I ~ QJ .,.... .,.... ~ '- '- OQJ U QJ C'l Ig ~ .... I ~ ~ ~ en I'd ... ,.....~ e: '-e: .. .... QJ 0 5 ~ I'd 0 ~ c. ,..... coo I'd P .... u C'l ,.... '- ~ .,.... ~ .,.... ~ '- ::I ~ '- I~ ,..... "P- e: '- .c: '- "0 .... ~ Ie )( QJ "0 .,.... U '- .c:~ .. u .D e: ... I'd ~ QJ '- ~ ,..... ,..... ~ .c: '- I'd e en I'd Ol(/) ~ QJ I'd I'd 0 ~ QJ '- > I'd 0 ::I e ~ I'd ic5 QJ ::I QJ .... '- '-en '- :l: <: 0 u U 0.. :0:: <: <: <: 0.. :l: :0:: :l: :l: ::I 0.. lA-.... .c: u 
0 u <: 
Physical Disabilities 
Ga stro-I ntesti na 1 • •• • • FreQuent Elimination • • • • • • • Frequent Thirst 
• • • • r1uscular Skeletal 
L 1m1 ted 11ob1l1 ty 
• •• • ••• •• 
, . 
• • (chair bound) 
Reduced Stamina 
• •• • ·11 • & Strength • • • •• • • 
Llm1ted Stand1ng 
• •• • ~ • •• • • • • • • for Long Period 
Li mited S i tti ng 
• •• • • • • •• • • for Long Period Difficulty Standing 
from Si tting 
• •• • • • • • • • • Position 
Head/Torso Turning 
• •• • • • • • • • L i mi ta t ion s 
Reaching limitations • •• •• • •• • • • • • • Carrying limi tations • '. •• • •• •• •• • • • • Lifting Limitations • • • • •• • • Gripping Difficulties • • • • • • • • • • Ham pulat1 ng D1 fflCU) t1es • • • • • • • • • Neurological I , 
D1ZZ1ness •• •• •• • • • • • Slow Reactlon •• •• • • •• • • Impaired Balance •• • • •• • • • • • • 
, Impalred Coord1nat10n 
•• • • •• •• • • • • 
Fig. 1. Physical disabilities and disabling causes (U.S.H.E.W .• 1980) 
11 
B. Federal, state, and local laws 
Laws are only effective when they are clearly understood and 
specific. Much of the legislative action regarding the disabled is both 
vague and weak. The laws are not consistently met or enforced (Mace, 
1977, p. 156). 
c. Standard specifications incomplete 
While the ANSI standard represent a great step towards the 
specification of a barrier-free environment, it is incomplete. The 
standard does not deal with all major barriers; it does not clearly 
spell out the extent to which its specifications must be met, and it is 
extremely difficult to understand (Steinfeld, 1979a, p. 71). 
D. Incorrect assumptions 
Architects, designers, and planners unwittingly assume an 
anthropometrically-typical person when adopting design parameters 
(Templer, 1983, p. 188). 
E. The small numbers argument 
Man-made barriers have kept physically disabled people from 
becoming independent and have restricted their mobility to the places of 
care or group homes and other specialized settings. The able-bodied 
population have not seen large numbers of the physically disabled people 
holding jobs or moving about and therefore have difficulty believing 
that sufficient numbers of the physically disabled exist to warrant 
their consideration (Greer, 1987, p. 58). 
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F. Cost concerns 
There is often concern that access design will involve extra 
expense. Frequently, this concern is based upon misconceptions of what 
is required or upon an inefficient approach to the solution of 
accessibility problems. In instances where accessible facilities have 
been constructed, it has been proven that overall cost is not 
significantly increased (Orleans, 1982, p. 12). 
In 1979, HUD published a study by Steinfeld and Associates on the 
estimated cost of accessible buildings. This study looked at a number 
of different building types - "housing, library, shopping centers, town 
halls, etc." The conclusion of the study was that, had accessibility 
organization been designed into the buildings examined, the cost of 
accessibility typically would not have exceeded 1% of the original cost 
of construction. Renovation cost to achieve accessibility after 
construction, in some cases, were substantial (Schroeder and Steinfeld, 
1979, pp. 141-151). "In the final analysis, the actual cost of 
accessibility, as documented from actual expense, must be used to 
establish the real cost impact. Although this study can be useful in 
guiding policy decisions, it cannot be expected that estimates will be 
prophetic. In particular, the skills of the designers and builders and 
policy decisions made regarding the extent of accessibility desirable in 
a building will be particularly important factors in the actual cost of 
accessibility" (Schroeder and Steinfeld, 1979, p. 151). 
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Myths and Attitudes about Disabilities 
Attitudes towards disability within the past twenty-five years have 
undergone something of a social revolution, having changed from fear, 
ridicule, and degradation of the disabled to greater acceptance 
(Lifchez, 1987, p. 2). It is impossible to trace the origin of 
attitudes towards disabled people. Among the assumptions that have been 
made is that primitive man lived in an environment that placed a premium 
on survival skills and had no marginal room for the support of the weak 
and the helpless. However, with the growth of settled communities 
producing an economic surplus, the possibilities for the disabled to be 
supported and to make a modest contribution to social life became 
feasible (Thomas, 1982, p. 22). 
In order to gain some insight to the attitudes that disabled people 
encounter as they cope in a primarily able-bodied environment, it is 
essential to look at some of the common myths about disabled people. 
One of the most pervasive myths about disabilities is that persons who 
have them represent only a very small fraction of the population. 
Stereotypes generally develop when groups are isolated minorities in a 
large population. A general lack of understanding of disabilities, 
along with often well-intentioned sympathy, have led to examples which 
discriminate against people with disabilities (Tutt, 1983, p. 21). 
Able-bodied people often expect a person with a disability to be 
gifted in some way, to possess a "second sight," to be wiser or braver 
than most people. By the same token, these same people may be expected 
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to be less intelligent, without energy or motivation. They are expected 
to be physically unhealthy, dependent, and lonely (Thomas, 1982, p. 37). 
Able-bodied persons often experience subtle but pervasive feelings that 
being around disabilities will affect them personally. Sometimes there 
is an inexplicable, usually unnoticed feeling that a disability might be 
contagious (Templer, 1983, p. 187). These are myths that lead to 
feelings of confusion or awkwardness in people who are unfamiliar with a 
particular disability. These include the mistaken assumption that 
people with disabilities never want to be helped and that they prefer 
not to talk about what they can and cannot do. This leaves the able-
bodied in the uncomfortable position of not knowing whether to offer 
assistance, while fearing that giving assistance might amount to a 
sizeable intrusion of their own planned activity. 
"Disabled people have been described as second class citizens, the 
forgotten minority, the most discriminated minority in our nation" 
(Burgdorf, 1980, p. 2). They have been pitied and abused, occasionally 
deified but more frequently viewed as demoniacal. They have been 
hidden, ignored, and generally shunned by society, but recently they 
have engendered the concern of presidential committees and government 
agencies. They have been recipients of charity and special public 
services but have also been denied many rights and opportunities 
available to the able-bodied society. In literature and real life, they 
have been both heroes and villains. Some have made great contributions 
to our civilization and culture. They are a minority that have been 
present in all countries at all stages of history, yet they have 
15 
remained largely invisible (Burgdorf, 1980, p.3). In reality, 
individuals with disabilities vary tremendously in life styles, 
activities, and personality just as able-bodied people. Disabled people 
differ in how they are affected by disability and how they react to 
having a disability. 
16 
CHAPTER III. ANTHROPOMETRIC CONSIDERATIONS: 
LITERATURE REVIEW 
For the typical architect, the application of the principles of 
anthropometrics to the design of buildings is not an act of science. 
The architect, by training, has a rough idea of how tall an average 
person is, how high he can reach, and what sort of steps he can manage 
comfortably. He also knows that people come in different sizes and 
shapes, so it is a good thing to add a few inches here and there and 
take away a few inches there (Templer, 1983, p. 188). 
Basically, the formulation of design criteria depends to a 
considerable extent on the average dimensional characteristics of people 
at rest and moving, and on a large range of their physical capabilities 
in termS of strength and flexibility. 
In the case of disabled people, these considerations are less well 
understood. They are by definition people who are not average. This is 
not to suggest that all disabled people are in all respects abnormal; 
the completely abnormal person no more exists than the completely 
average person. 
There are no large scale adequate studies of the complexity of the 
anthropometrics of chairbound people as stated by Edward Steinfeld, who 
has conducted limited studies (Steinfeld, 1979, p. 100). One cause of 
such limited studies is the heterogeneity of the chairbound population, 
making it difficult to determine realistic operational parameters of the 
population to be measured (Goldsmith, 1976, p. 118). Such a study is 
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quite difficult in view of the many variables involved: the types of 
disabilities, the limbs or segments of bodies involved, the extent of 
paralysis, the degree of the muscle dysfunction, the cumulative effect 
on overall limb mobility due to wheelchair confinement, etc. (Goldsmith, 
1976, p. 119). All would have to be considered. The assumption has 
been made that where limb mobility has not been impaired, the range of 
movement would approximate that of able-bodied people (Panero, 1979, p. 
50). Among anthropometric measures, height is often the controlling 
variable and has a special significance. But other measures such as 
shoulder width and length of limbs have their own ranges and may have a 
significant application depending on the design situation. 
Because of the diversity of disabilities, however, early attempts 
to apply anthropometric principles to the general chairbound population 
have been of limited value in establishing appropriate design 
parameters. 
A Comparison of Ambulant and Wheelchair Bound Persons 
In most instances, designing a space that will accommodate 
wheelchairs insures that it also will be large enough to be accessible 
for ambulant people. However, design for wheelchair users frequently 
underestimates the significance of the differences between chairbound 
people and ambulant people. By underestimating this problem, we are 
likely to arrive at an inadequate solution which serves nobody well; an 
example is a toilet stall 31 0" x 41 0", which is not appropriate for any 
user. To enable chairbound users to have equal opportunities, the 
18 
environment must be redesigned with their varied needs fully understood. 
It is useful to examine the compatibility of design criteria for 
the wheelchair bound persons and the ambulant persons in five 
categories: mobility, space, posture, reach, and strength (American 
Society of Landscape Architects, 1976, p. 18). 
Mobility 
Design criteria for ambulant persons are determined by the way 
people move from place to place. Most people ambulate on two feet. The 
average person can walk on level surfaces, up and down inclines, and up 
and down steps. The person in a wheelchair can move on level surfaces, 
usually up and down graded ramps, and if they are exceptionally strong 
and agile, up a single step or down a series of steps. 
For the average ambulant person, the texture of the pavement is not 
critical. But for wheelchair users, care must be taken that the surface 
not be too slippery. To accommodate wheels, the surface must be smooth 
and hard. The availability of ramps is of critical importance to 
wheelchair users, but is not in all cases appropriate for the ambulant 
persons. The generally accepted gradient for a ramp for wheelchair 
users is 1:12, but a ramp of 1:20 is much preferred. 
----
Space 
The average ambulant person occupies a space of about 18" x 12", 
that being 216 sq. inches when standing. The standard wheelchair is 116 
1/2" to 218", 470 to 815 wide, and 316" to 410", 1030 to 1220 long, 
reqUiring a space of 1536 square inches (Fig. 2). To turn the chair 
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around comfortably requires a space of approximately five feet square, 
3600 square inches. The need for extra space for wheelchair users in no 
way conflicts with the needs of the general ambulant population. 
Posture 
Naturally, there are activities which ambulant persons find more 
convenient and efficient to perform from a standing position, but which 
the wheelchair user has to perform from a seated position (Fig. 3). 
Reach 
The restricted range of reach of the wheelchair bound person, in 
addition to their eye-level being much lower than that of the average 
ambulant person, has a significant influence on design considerations 
inside buildings and other areas. The comfortable range of an average 
ambulant person is between 2'3 11 and 5'911 above the floor level, with a 
preferred range between 4'6 11 and 5'3 11 where the line of vision is a 
factor. The comfortable range of reach of the wheelchair bound person 
is from 2'0 11 to 4'8 11 with a preferred range between 3'011 and 4'6 11 (Figs. 
4 and 5) (Steinfeld, 1979d, pp. 17-23). 
Strength 
Problem of strength is critical for the chairbound person because 
doors and gates are often too difficult or impossible to open. This is 
because the layouts of doorways often prevent wheelchair bound persons 
from maneuvering into a position of good leverage. A door should be 
able to be pulled from the side of the chair, toward the chair, and 
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toward the shoulder of the user in order to open it with minimum effort. 
A heavy door which must be pushed open is even more difficult but can 
usually be opened by driving directly into it. 
The above-mentioned information draws attention to the differences 
in terms of design criteria between wheelchair bound people and ambulant 
persons. If wheelchair bound people are able to function effectively 
within these design considerations, then it is meaningful to regard 
these design considerations as tools or means of assistance to the 
wheelchair users in much the same way as the chair or crutch itself is a 
tool (American Society of Landscape Architects, 1976, p. 21). 
Disabling Conditions and Effects on Wheelchair Mobility 
People who must use wheelchairs are usually severely disabled and 
non-ambulatory. 
Wheelchair users have capabilities as varied as those of the 
ambulant persons. Illness-related disability, congenital defects, and 
accidents affect all parts of the body, leaving limbs in various stages 
of weakness, paralysis, or absence. Persons without trunk balance are 
constantly beset with the problems of keeping upright in a chair. 
Reaching is always difficult, and one arm is usually used as 
counterbalance, gripping the driving rim, arm rest, or handle while the 
other performs the task at hand (Accessibility Standards Illustrated, 
1986, p. 11). Activities that require the use of both hands 
simultaneously, such as using the telephone, create a sense of 
frustration and dissatisfaction with the environment. 
Disabling Conditions 
Degenerative 
Conditions 
Associated 
with Aging 
Heredi tary 
and Congenial 
Conditions 
Heart and 
Respiratory 
Conditions 
Arthritis 
Hemiplegia 
Amputation 
Haemophilia 
Cerebral Palsy 
Spina Bifida 
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Effect on Mobility 
People with these conditions are not 
able to climb flights of stairs, 
gradient or steep ramps, or walk long 
distances. They are not unsteady. 
People with arthritis have very stiff 
joints and move slowly, painfully, 
and unsteadily. They have difficulty 
in climbing high steps and curbs, and 
in negotiating steep gradients. 
Most hemiplegics walk with difficulty 
and unsteadily. Many use sticks and 
callipers. Those in wheelchairs 
are not as a rule able to propel 
themselves because of the one side 
paralysi s. 
Amputation of the leg may result in 
same unsteadiness, especially on 
gradients. 
People with these conditions should 
avoid undue energy expenditure and 
should not be bumped or jolted. 
Some need to use a wheelchair. 
The different types of cerebral 
palsy may result in weakness, poor 
balance, or wild uncoordinated 
movement. 
Spina bifida may result in complete 
or partial paralysis of the lower 
limbs resulting in difficulty and 
unsteadiness in walking and sometimes 
inability to walk at all. 
Incontinence is also a major problem. 
Fig. 6. The principal disabling conditions and their effect on 
mobility (Burgdorf, 1980, pp. 40-42) 
Disabling Conditions 
Muscular 
Dystrophies 
Diseases and Paraplegia 
Damage to the 
Nervous System 
Parkinsonism 
and Other 
Disorders 
Involving 
Voluntary 
f10vements 
Disseminating 
Sclerosis 
(including 
Multiple 
Sclerosis) 
Poliomyelitis 
Fig. 6 (Continued) 
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Effect on Mobility 
Dystrophy is muscle wasting, 
sometimes involving paralysis. A 
wheelchair eventually becomes 
necessary. 
Paraplegia is a paralysis of the 
lower limbs. Some paraplegics walk 
with crutches but a large proportion 
are confined to wheelchairs. The 
paralysis may be accompanied by loss 
of feeling. 
People with Parkinson have a jerky 
and uncontrolled gait and are 
unsteady. 
Sclerosis cause paralysis of muscles 
and disorders of balance and vision. 
A wheelchair may eventually become 
necessary. 
Polio can cause wasting and paralysis 
of the limbs. This may result in un-
steadiness, especially on gradients 
and difficulty in climbing. Many 
people with polio are confined to 
wheelchairs. 
27 
Whee1chairs 
An estimated 645,000 persons, 3.0 per 1,000 population, were 
reported to have used a wheelchair as an aid in getting around in 1977. 
Persons who required wheelchairs were those who could not walk or who 
had been advised by a physician not to walk. 
Variations in the use of wheelchairs by age and sex 
The use of a wheelchair is highest for the elderly, with a rate of 
15.0 per 1,000 persons for those 65 years of age and over, and a rate of 
22.9 per 1,000 for those 75 years of age and over (Fig. 7). Use of a 
wheelchair is relatively less frequent (3.4 per 1,000 persons) for 
persons 45-64 years of age. However, in some age categories the use of 
a wheelchair as a special aid is quite rare. Among persons under 45 
years of age, for example, only 1.1 per 1,000 persons used a wheelchair 
in 1977. The rate that wheelchairs were used was about the same for 
males and females (2.9 and 3.2 per 1,000 persons, respectively). 
Chronic activity limitation and other variations in the use of 
wheelchairs 
Almost all persons (92.7 percent) using wheelchairs required them 
as a result of chronic conditions. This use is reflected in the 
positive association between wheelchair use and the degree of chronic 
activity limitation. The rate of use of wheelchairs was highest for 
those unable to carryon their major activity (58.8 per 1,000 persons). 
However, for those with secondary chronic activity limitation (those 
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UNDER 45 45 i C 64 OVER 6~ 
Fig. 7. Persons per 1000 using selected mobility aid devices, by age 
1977, noninstitutionalized adults, United States (U.S.H.E.W., 
1980) 
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limited, but not in their major activity}, only 5.8 per 1,000 persons 
used wheelchairs. The rate of wheelchair use was inversely related to 
family income, decreasing from 6.4 per 1,000 persons for those with a 
family income less than $7,000 to 1.3 per 1,000 persons for those with a 
family income of $25,000 or more. 
Wheelchair Dimensions 
Wheelchairs vary in size according to the means of propulsion, 
size, and needs of the user. Wheelchairs may be propelled by the user, 
motorized so as to be able to be controlled by the user, or be moved 
about by an attendant, either permanently or occasionally. 
Small chairs 
The most commonly-used wheelchair is the self-propelled model with 
the drive wheels either at the back or the front. The model with the 
drive wheels located at the back of the chair is very useful to people 
with strong upper limbs. This chair is superior in maneuverability 
compared to the front-wheel driven chair. Its center of gravity allows 
it to be piloted down steps and up and down curbs, although it takes a 
powerful individual to perform such operations. It should be noted that 
studies show that attendants who push chairs prefer a rear-wheel driven 
model since, due to its better balance, it is much easier to push up 
over obstacles. The front-wheel driven model is easier to operate for 
people who are weak in the arms, but it is extremely difficult to use in 
climbing obstacles such as curbs. These chairs are especially useful in 
30 
homes where their shorter effective turning radius and wider front 
wheels makes them both more maneuverable and less resistant to carpeting 
than rear-wheel driven chairs. 
Large chairs 
These chairs are primarily used by people who are unable to propel 
a small chair. They are, as the name implies, larger in respect to 
length, height, and width, and lack the large drive wheels of the 
smaller chairs (Robinette, 1985, p. 9). 
The range of wheelchair dimensions vary according to the 
manufacturer, size, and needs of the user. Generally, the average range 
for wheelchairs are as follows: 
Wheelchairs are 116 1/2" to 218" in width although 
wheelchairs 210" to 212" in width are commonly used; 
316" to 410" in length; 117" from the ground level 
to the top of the seat; 21 6" from ground level to 
the top of the arm rests; and 31 0" from ground level 
to the top of the push handle. See Figs. 8, 9, and 
10. Specially or individually equipped wheelchairs 
may exceed these dimensions. 
Space Requirements for Maneuvering Wheelchairs 
The absolute minimum clear width that can be negotiated by most 
people in a wheelchair is 21 6". However, the preferred minimum is 3 1 0". 
The area required to turn a wheelchair is largely dependent upon 
the capabilities of the user, based upon his ability to apply equal but 
opposite thrust to the two wheels. 
31 
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Two-wheel turn 
In a two-wheel turn, the main restricting dimension is the measure 
from the rear of the large wheel to the opposite foot rest. This is the 
greatest dimension of the wheelchair. For the standard wheelchair, this 
measure is 46 11-48 11 • There is no way to turn the wheelchair around in 
less space. 
The practical minimum area for two-wheel turns is a space 56 11 wide, 
open at both ends. Any smaller space lesser is too small for all except 
the most agile user. 
Fixed turn 
Fixed turning is accompanied by locking one wheel in place and 
turning the other wheel forward or backward about it. Whenever 
possible, sufficient space should be allowed for such a turn because not 
all wheelchair users are able to turn on both wheels. The fixed turn 
radius, wheel-to-wheel, is 20 11 , and the fixed turning radius, front 
structure to rear structure, is 37 11 • This would imply the need for a 
clear space of at least 74 11 in diameter in order to turn. In practice, 
this space is not needed, even for a one-hand drive turn. The user may 
turn 90 degrees on one wheel, and then 90 degrees on the other. This 
allows a turn in a minimum of 58 11 x 66 11 (ANSI Al17.1, 1986, pp. 16-21). 
See Figs. 11, 12, 13, 14', 15, 16, 17,18,19, and 20. 
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CHAPTER IV. ROLE PLAYING 
Fig. 21. Role playing 
Since I have previously had minimal experience with the wheelchair 
bound population, a role playing session was necessary to familiarize me 
with the specific attributes of this population and to demonstrate a 
sensitivity necessary for the task. 
By role playing, I simulated a particular physical impairment. For 
example: projecting myself as a paraplegic, whereby my mode of 
ambulation was the wheelchair, and to study architectural barriers to 
wheelchair travels and human reactions to my "condition" (Fig. 21). So 
I set out to observe architectural barriers that wheelchair users might 
encounter -- obstacles inherent in the very structure of buildings, 
streets, malls, sidewalks, and so on. 
46a 
The role playing experience was particularly significant in the 
sense that it sensitized me to the need for being constantly aware of 
the wheelchair users' attitudes towards their particular condition. It 
also exposed some of the reasons for the psychological responses of the 
wheelchair users (acceptance, rejection, denial, dependence, etc.) to 
chronic physical disabilities. 
The role playing technique was very useful in preparing me for the 
reactions of the wheelchair users to particularly difficult or 
embarrassing questions and for familiarizing me with the format of the 
questionnaire~ 
The role playing experience has been one of my most rewarding, in 
that it provided me with a unique opportunity to learn about how people 
with different handicaps learn to cope with the barriers they encounter; 
and ultimately suggest ways in which we as professionals might better 
design to accommodate the different types of disabilities. The role 
playing experience not only re-emphasizes the types of architectural 
barriers that I was already aware of, but also enlightened me to many I 
had never envisioned as barriers before. For example, I experienced 
that the wheelchair could not be used in the revolving door, and only 
with great effort on my part was I able to use the single swing door. 
It was easy to see the convenience that a power-operated door offered. 
t1y experience around buildings exposed barriers after barriers. I was 
totally unable to drink from the water fountain as the water spout was 
too high. I could not get into telephone booths or use public 
telephones. I was unable to use, in any fashion, the restroom. Water 
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closet stalls were too narrow and urinals were too high. I could not 
reach the fire alarm boxes, someone else would have to do it for me, 
thus causing a delay in reporting a fire. 
The insight that I received from the role playing experience 
enabled me to better evaluate the barriers hampering the physical 
mobility of a handicapped person. The role playing experience revealed 
the need that design professionals need to provide better solutions to 
all the barrier problems which other design professionals have 
recognized but have not really solved. 
My role playing experience will not expose all the barrier problems 
nor provide all the answers to the barrier problems experienced by the 
wheelchair bound population. What I think is of utermost importance is 
that designers and professionals must strongly communicate with 
wheelchair bound persons to acquire a more complete understanding of 
their barrier problems and to arrive at acceptable solutions. Should 
the architect design while looking through the eyes of the wheelchair 
bound persons at four feet about the floor? Should he subject the able-
bodied persons to the inconveniences that would accompany such a design? 
The responsible answer is for the design professionals to design 
recognizing the differences and limitations of the wheelchair bound and 
the able-bodied persons, and design for flexibility that accommodates 
both. An analysis of design considerations for persons confined to the 
wheelchair shows how simple considerations can eliminate inconveniences. 
In conclusion, the role playing experience greatly enhanced the 
development and execution of the questionnaires by sensitizing me to the 
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various design problems experienced by wheelchair users. The role 
playing experience also gave me more insight into the role of the 
architect and other professionals in the life of the wheelchair bound 
population, and how much designers and professionals still have to learn 
about wheelchair bound persons. 
I feel a degree of frustration because many of the barrier problems 
of the wheelchair bound persons are problems that can be solved by 
simple architectural solutions which are not being employed. 
My experience and observations provided the basis for the 
development of the design tool, presented in Chapter VI. 
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CHAPTER V. STUDY RATIONALE 
Most disabled people have no control or choice over the decisions 
of design professionals in projects. Most disabled people are not aware 
of the existence and provision of the laws or regulations for their 
accessibility (Steinfeld, 1979, p. 70). Even when they are aware of the 
laws or regulations, they are not sure of why the law states what should 
be done. Primarily, disabled people fear too lax enforcement of the 
regulations or laws (Lynas, 1986, p. 52). 
Architects and designers often do not make provisions for the 
disabled as they develop their designs. They design only for the 
anthropometrically typical person and fail to consider how their 
projects would be experienced by the disabled (Orleans, 1982, p. 11). 
Many architects and designers are unaware of the existence of the 
specific provisions of handicap codes. Even when designers are aware of 
the laws or regulations, they may not be met because the laws lack 
clarity (Fig. 22). 
Questionnaires 
The study questionnaire addresses these assumptions with particular 
reference to two design issues: 
(1) maneuvering clearance at doorways, and 
(2) transfer space at water closets. 
Two questionnaires were developed: one for the wheelchair user and 
the other for design professionals. 
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The first questionnaire, administered to wheelchair users, was 
designed to gather information about architectural barriers, and the 
experiences of wheelchair users in the environment. This questionnaire 
consists of thirty-two questions. 
The second questionnaire, administered to design professionals, was 
designed to gather information about their knowledge of code 
requirements and accessible design for wheelchair users. This 
questionnaire consists of thirty-five questions. 
Copies of both questionnaires and the tabulated results can be 
found in the Appendix. 
Pretest 
After the questionnaires were developed, a pilot study was 
conducted to evaluate the questionnaires and interview procedures. This 
pretest also was used to help the interviewer develop experience in 
interviewing before any data for the main study were collected. 
From the pilot study, the interviewer determined whether the 
specific objectives of the study were being met. The pretest also was 
used to expose any communication problems, evidence of inadequate 
motivation, and other clues that might suggest a rephrasing of questions 
or revision of procedures. It gave the interviewer an opportunity to 
evaluate his method of recording the interview data, to determine 
whether adequate information could be recorded, and whether the 
recording method caused excessive breaks in the interview situation. 
This pretest showed that approximately thirty minutes was required to 
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complete the interview and that the interviewees experienced no 
difficulty in understanding the instructions or questions. 
Selection of the Study Populations 
Disabled subjects were chosen and screened so that only those who 
could comprehend and provide reasonable responses to the questions of 
their handicap were interviewed. The subjects were chosen from the 
following groups: 
(1) Easter Seal Society for Crippled Children and Adults of Iowa, 
Camp Sunnyside and Des Moines. 
(2) Governors Committee on Employment of the Handicapped, Grimes 
State Office Building, Des Moines, Iowa. Handicapped Village, 
Clear Lake, Iowa. 
(3) Younkers Rehabilitation Center, Iowa Methodist Medical Center, 
Des Moines, Iowa. 
(4) Private residence of volunteers (disabled people) in the Ames 
and Des Moines area. 
'(S) Architects and other design professionals were interviewed in 
their offices in the Ames, Chicago, and Des Moines areas. 
Limitations 
The study was conducted with the following limitations: 
(1) The study was limited to professionals and wheelchair users in 
Ames, Clear Lake, Iowa, Des Moines, and Chicago areas. 
(2) Generalizations for the study were limited to the populations 
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in above-mentioned areas. 
The Iowa State University Committee on the Use of Human Subjects in 
Research reviewed this project and concluded that the rights and welfare 
of the human subjects were adequately protected, that risks were 
outweighed by the potential benefits and expected value of the knowledge 
sought, that confidentiality of data was assured and that informed 
consent was obtained by appropriate procedures. 
Doorways 
Comparisons of the Response of Professionals 
and Wheelchair Users 
A. Q. Is there a code regarding maneuvering spaces at doorways? 
Responses are as follows: 
Professionals: 
Yes = 24 (96%) 
No = 1 (4%) 
Wheelchair Users: 
Yes = 9 (36%) 
No = 16 (64%) 
Ninety-six percent of professionals said that there are codes that 
require them to provide maneuvering spaces at doorways. Only one 
professional said that he was not aware of codes that require the 
provision of maneuvering spaces at doorways. This clearly shows that a 
majority of the professionals were aware of the existence of a code that 
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provides for maneuvering spaces at doorways. 
Thirty-six percent of wheelchair users said that the codes "say 
something" about maneuvering spaces at doorways, while 64% of wheelchair 
users said that there is no code. The response of the wheelchair users 
shows that a majority of them do not know that the codes refer to 
maneuvering spaces at doorways. 
B. Q. What is the code regarding maneuvering spaces at doorways? 
Professionals: 
Pullside 18", push side 24" N = 13 (52%) 
4 1 0" clear floor space on the push side of doors 
and 51 0" clear floor space on the pull side 
N = 12 (40%) 
Not quite sure N = 2 (8%) 
Wheelchair Users: 
Provision of maneuvering distance between doors in series 
N = 4 (16%) 
Provision of door clearance for wheelchair users as 
specified by ANSI and state codes N = 5 (20%) 
Not quite sure of what the law says N = 16 (64%) 
Ninety-two percent of the professionals clearly have an idea of 
what the requirements of the codes say about maneuvering spaces at 
doorways. Only 8% of the professionals are not quite sure of what the 
code says. In the case of the wheelchair users, 64% of respondents were 
not quite sure of what the codes say. Thirty-six percent of wheelchair 
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users had no idea of what the codes say regarding maneuvering spaces at 
doorways. The comparison of both the professionals and wheelchair users 
shows that most professionals are aware of what the codes say as opposed 
to only about 36% of wheelchair users. 
c. Q. Does the provision of maneuvering spaces at doorways provide 
access? 
Responses are as follows: 
Professionals: 
Yes = 15 (60%) 
No = 10 (40%) 
Wheelchair Users: 
Yes = 8 (32%) 
No = 17 (68%) 
Sixty percent of professionals said that the provision of 
maneuvering spaces at doorways provides access, while only 40% of 
professionals said no. In the case of wheelchair users, 68% said that 
the provision of maneuvering spaces at doorways does not provide access, 
as opposed to 32% who said it does. The results show that for the 
professionals, the majority feels that the provision of maneuvering 
spaces at doorways does provide access, while the majority of wheelchair 
users said that even with the provision of maneuvering spaces at 
doorways, their need for access is not being met. 
D. Q. If the codes regarding maneuvering spaces at doorways do not 
solve the problem of access, why not? 
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Responses are as follows: 
Professionals: 
No clear understanding of the mechanics of the posture 
of wheelchair users N = 2 (8%) 
Empathy on the side of professionals N = 2 (8%) 
Codes need to be more specific with respect to dealing 
with the disability N = 4 (16%) 
Laws or codes are only minimum standards N = 2 (8%) 
Wheelchair Users: 
Toilet Stalls 
The codes regarding maneuvering spaces at doorways do not 
solve their problem of access for the following reasons: 
N = 17 (68%) 
Enforcement of the codes need to be more consistent 
N = 2 (5%) 
The different sizes and types of wheelchairs needs to be 
recognized N = 3 (6%) 
Some doors are recessed N = 2 (5%) 
Manufacturers need to have doors at least 3'0" wide and 
use the right types of door knobs N = 2 (5%) 
I don't know N = 8 (47%) 
A. Q. Is there a code regarding accessible toilet stall design? 
Professional s: 
Yes = 25 (100%) 
No = 0 (0%) 
Wheelchair Users: 
Yes = 12 (48%) 
No = 13 (52%) 
55 
All of the 25 professionals recognize the fact that there are codes 
that require the provision of accessible toilet stalls for wheelchair 
users, while 48% of wheelchair users said that they were aware of what 
the codes say about toilet stall design. Here, the responses show that 
not all of the wheelchair users know about codes regarding toilet stall 
design. It clearly shows that the professionals are more aware of the 
codes regarding toilet stall design. 
B. Q. What is the code regarding accessible toilet stall design? 
Professionals: 
32" clear path through toilet stalls and 42" clerance in 
front of water closet N = 10 (40%) 
Door clearance of a minimum of 28" for wheelchair access 
and door swings out N = 8 (32%) 
Provision of grab bars N = 7 (28%) 
Provision of 5'0" x 5'0" stall N = 8 (32%) 
Adequate fixture weight in relation to toilet stalls 
N = 7 (28%) 
Cannot specifically say what the law is but aware of the 
laws that considers disabled people N = 2 (8%) 
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layout of stalls based on length and depth n + 10 (40%) 
Some respondents gave more than one answer. 
Wheelchair Users: 
Applicable state or government standard regarding toilet 
stall design N = 3 (12%) 
5 1 0" turning radius N = 4 (16%) 
Adequate space for maneuvering N = 2 (8%) 
I know the law but cannot specifically explain what the 
law says N = 16 (64%) 
Ninety-two percent of the professionals know that there is some 
form of codes regarding accessible toilet stall design, while 64% of 
wheelchair users claimed to know the law but do not specifically know of 
the existence of specific code provisions. 
c. Q. Does the code regarding toilet stalls design for the disabled 
provide access? 
Responses are as follows: 
Professionals: 
Yes = 20 (80%) 
No = 5 (20%) 
Wheelchair Users: 
Yes = 17 (68%) 
No = 8 (32%) 
Eighty percent of professionals cited that the codes regarding 
toilet stall for disabled provide access, while only 68% of wheelchair 
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users said that the codes regarding toilet stall design for the disabled 
solve the problem of access. 
D. Q. If the codes regarding toilet stall design for the disabled 
do not solve the problem of access, why not? 
Responses are as follows: 
Professionals: N = 5 (20%) 
Codes based on minimum standards are not quite for 
everyone N = 1 (4%) 
Not sure who the law serves N = 1 {4%} 
Not sure how some people on wheelchair get in and out of 
toilet stalls or how they actually use toilet stalls 
N = 1 (4%) 
Laws or codes not necessary for all disabled people, the 
law simply is not applicable in the case of those who 
cannot successfully make a transfer into the water 
closet N = 1 (4%) 
Attitude standpoint which requires more empathy on the 
path of professionals N = 1 (4%) 
Wheelchair Users: N = 8 (32%) 
Lack of empathy on the path of professionals N = 4 (16%) 
Lack of clarity in the interpreting of the codes 
N = 2 (8%) 
Not enough understanding of the general anthropometrics of 
the wheelchair users N = 2 (8%) 
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CHAPTER VI. DESIGN PROBLEMS AND SOLUTIONS 
Problem illustration: 
Fig. 23. Doors/doorways problem illustration 
Problem narrative: 
Mobility disabled people need adequate space for maneuvering on 
both the pull and push sides. The problem as illustrated in Fig. 23 is 
that the door cannot be opened without backing the chair, because the 
door does not have the allowance space to the side of the door to allow 
persons in wheelchairs to move to the side of the door and open the door 
without backing the wheelchair (Fig. 24). 
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Fig. 24. Door opening sequence (Accessibility Standards Illustrated, 
1978) 
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Design guideline: 
The floor on the inside and outside of each doorway should be level 
and clear. On the pull side of the door, when location allows forward 
access only for those in wheelchairs, the floor should be clear for a 
distance of 5 1 0" (1525 mm) perpendicular to the door and should extend a 
minimum of 11 6" (455 mm), preferred 21 0" (610 rrm), beyond the pull side 
of the door, measured from the wall opening, unless the doors are 
automatic. 
ANSI.A117.86 
Sections 4.13 & 4.13.6 
Solution narrative: 
All doors should be accessible. Disabled people need doors to be 
wide enough and have adequate space for maneuvering on both pull and 
push sides, and require light pressure and no twisting or fine movement 
to operate. Maneuvering space on both the pull and push side for the 
frontal approach should be followed as indicated in Fig. 25. On the 
pull side the floor should be clear for a distance of 51 0" (1525 mm) 
from the door and should extend a minimum of 11 6" (455 mm), preferably 
21 0" (610 mm), beyond the pull side. Similarly, on the push side, the 
floor should be clear for a distance of 4 1 0" (1220 mm) from the door and 
should extend a minimum of 1 1 0" (305 rrm) if the door is equipped with 
both a latch and a closer. For the hinge side approach as shown in Fig. 
26 pullside there should be a clear distance of 5 1 0" (1525 mm) from the 
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door and should extend a minimum of 3 1 0" (915 Illll) to the side of the 
door. If the extension to the side of the door is 3 1 6" (1065 Illll), a 
clear distance of 4 1 6" (1370) should be maintained. Similarly, on the 
push side for the hinge side approach as shown in Fig. 26, there should 
be a clear di stance of 3 1 6" (1065 rrm) from the door and should extend a 
minimum of 4 1 6" (1370 mm) wide. 
On the latch side approach as illustrated in Fig. 27, the pull side 
should have a clear floor distance of 4 1 0" (1220 Illll) and should have a 
2 1 0" (610 mm) to the side of the door. While the push side should have 
a clear 3 1 6" (l065 mm) clear floor distance and should have a 2 1 0" (610 
mm) to the side of the door. 
In the case of the sliding doors, the latch side approach (Fig. 28) 
should have a clear floor space of 3 1 6" (1065 rrm) and should have a 2 1 0" 
(610 mm) to the side of the door as shown in Fig. 28. On the slide side 
approach, there should be a clear floor distance of 3 1 6" (1065 rrm) and a 
width of 4 1 6" (1370 mm) on the slide side approach. 
ANSI.A117-1-1986 
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Solution illustrations: 
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Fig. 25. Front approach swinging doors (ANSI.Al17-1-1986) 
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Solution illustrations: 
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Fig. 26. Hinge side approach (swinging doors) (ANSI.Al17-1-1986) 
Solution illustrations: 
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Fig. 27. Latch side approach (swinging doors) (ANSI.Al17-1-1986) 
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Solution illustrations: 
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Fig. 28. Sliding doors (ANSI.Al17-1-1986) 
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Problem illustration: 
Fig. 29. Toilet stalls problem illustration 
Problem narrative: 
For many people in wheelchairs, transfer from their chairs onto the 
water closet is impossible because there is not enough transfer space 
inside toilet stalls (Fig. 29). Thus the 3'0" (915 nm) x 4'0" (1220 nm) 
"accessible" toilet stall originally mandated in the 1961 ANSI standard 
is practically impossible for a wheelchair user. It requires a frontal 
transfer as shown in Fig. 30. 
Frequently, architects incorporate the 3'0" (915 nm) x 4'0" (1220 
mm) toilet stall in their designs because (1) it saves space, and 
therefore is presumed to reduce overall square foot construction cost; 
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and (2) it is permitted under the provisions of building codes based on 
the 1961 ANSI Standard. 
Problem illustration: 
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Fig. 30. Frontal transfer (Accessibility Standards Illustrated, 1978) 
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Problem illustration: 
Fig. 31. Toilet stall problem illustration 
Design guideline: 
The arrangement and size of accessible toilet stalls should be as 
follows: Accessible toilet stalls should have a minimum depth of 4'8" 
(1420 mm) or 5'6" (1675) and have wall-mounted water closets. If the 
depth of the toilet stall is increased at least 3" (75 mm), then a 
floor-mounted water closet should be used. 
ANSI.Al17.86 
Section 4.17 
Solution illustrations: 
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Fig. 32. Solution illustrations (toilet stalls) (ANSI.Al17-1986) 
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Solution illustrations: 
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Fig. 33. Solution illustrations (toilet stalls) (ANSI.Al17-1986) 
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Solution illustration: 
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Fig. 34. Solution illustrations (toilet stalls) (ANSI.Al17-1986) 
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Fig. 35. Side approach (N.C. State Building Code Handicapped Section) 
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Solution narrative: 
For easy maneuverability, accessible water closets should be 
provided with clear floor space as illustrated in Figs. 32, 33, and 34. 
This clear floor space should be provided to allow either left-handed or 
right-handed approach. The accessible toilet stall should have a 
minimum of 5 1 0" (1525 mm) x 51 0" (1525 mm) clear internal dimension. 
Water closets should be located 116" (455 mm) from the right or left 
hand partition to the center line of fixture. 
Included within the 51 0" (1525 mm) x 51 0" (1525 mm) toilet stall 
may be both the water closet and an accessible lavatory. Thus, no 
additional floor space is needed to allow for necessary transfer space. 
Conclusions 
The results of the interview clearly show that there is a need for 
shared information about problems of access; why these problems exist; 
what specifically the code related to access is; and how these problems 
of access are resolved by compliance with the code. 
Therefore, in an effort to accomplish this, I have developed design 
tools to better assist design professionals in their attempt to create 
barrier free environments. Two examples of these design tools are from 
the last chapter of this thesis. They are meant to illustrate a new 
format for completely communicating to design professionals information 
about: (l) the problems experienced by wheelchair users, (2) the 
provisions of generally accepted design standards, and (3) appropriate 
solutions to specific common problems. 
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Change in attitude is difficult for people set in their ways, but 
by and large, the acceptance of new and better standards, with more 
careful compliance would result in paving the way for better 
environments for all (Jones, 1980, p. 211). My analysis of the findings 
of the questionnaires suggests that attitudes about how effective 
specific design solutions are different between professionals and 
wheelchair users. I believe this because frequently professionals do 
not have first hand knowledge of problems wheelchair users experience in 
the environment. The design tools I have developed should help 
professionals better understand the rationale for currently accepted 
design standards becuase these narratives in each case describe the 
problem the design standard is intended to address. 
Design cannot remove all social and psychological stigma associated 
with disability; it can provide environmental accommodations which can 
be used with dignity. Design cannot reduce the number of persons 
operating in the environment under an artificially imposed handicap 
(Morgan, 1976, p. 53). 
Finally, for disabled people, environmental accessibility is 
fundamental to their quality of life and their ability to participate in 
the life of the community. We as professionals must work to analyze the 
movements of the physically handicapped as they function throughout a 
building and set forth design considerations comparable to those 
functions. If we as professionals fail at this level, we fail at the 
most basic level of life because we fail to be humane. The ultimate and 
most pervasive of barriers are the attitudinal ones, particularly the 
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view that disabled people are helpless, pathetic victims deserving 
charitable intervention. There are now enough reasons to indicate that 
disabled people can, with appropriate environmental supports, lead full 
and independent lives. Without the removal of attitudinal barriers, the 
disability legislation of the past decade will not realize its full 
promise (Dejong and Lifchez, 1983, p. 49). 
Access is not just another constraint on architectural design; it 
is a major perceptual orientation to humanity. And since only very few 
practicing architects have disabilities that most challenge traditional 
ideas about design, guidance will not come from inside the profession. 
Architects and all design professionals must actively seek out disabled 
people to assist them (Lifchez, 1987, p. 49). 
Recommendations 
Based on my analysis of the findings of the questionnaires, that 
attitude about how effective specific design solutions are different 
between professionals and wheelchair users, I would like to make the 
following recommendations: 
(1) ALL architects and design professionals go through the 
wheelchair exercise. This would increase their awareness of the 
architectural barriers experienced by wheelchair bound persons, thus 
giving adequate considerations to these problems in the design of 
buildings. 
(2) Architects and design professionals must point out to clients 
in the public and private sectors that the standards and code provisions 
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of accessibility should not be perceived as unusual or burdensome but 
rather as an improvement of the environment for the wheelchair users. 
(3) Each architect and design professionals should familiarize 
themselves with all accessibility laws and codes regarding access for 
the disabled. 
(4) Publicizing the wheelchair exercise and increasing the empathy 
of other designers and professionals and the general public into the 
situations faced by the physically disabled. 
(5) Making adequate modifications and investigations of the design 
of the various types of wheelchairs. 
{6} Increasing the emphasis on designing buildings for the 
disabled in schools by providing design courses which specifically deals 
with the issues of access for the disabled, this in turn will increase 
the sensitivity of design students, eventually those of professionals to 
the issues of access for the disabled. 
(7) Enhancing the communication links between the existing laws or 
regulations, and architects and design professionals, to the needs of 
the wheelchair bound persons. 
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, 
,;OWASTATE Department of Architecture Ames, Iowa 50011 
JNIVERSITY 
I 
Telephone 515-294-4717 
I 
I 
February 2, 1987 
Dear Sir, 
I am a graduate student in Architecture in the College of Design at 
Iowa State University, doing a thesis on Design for accessibility, more 
specifically, design approaches for the wheelchair user. 
I am trying to gather some information about your knowledge of code 
requirements and design for handicapped people. I would like to ask you 
some questions about the nature of Architectural barriers. 
In order for my thesis to be useful, I would appreciate your 
response. Participation is voluntary. You may ask questions after we 
finish the interview, and I will try to answer them. 
I express my gratitude for anticipated cooperation. 
Siccerel y, 
Signatures have been redacted for privacy 
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Professionals 
1. Have you had any experience using accessibility laws or codes? 
Yes No 
-- --
2. If yes, would you please tell me which one(s) you use and why? 
First, I would like to ask you some questions about maneuvering spaces 
at doorways. 
3. Are there codes that require you to provide maneuvering spaces at 
doorways for wheelchair users? 
Yes (GO TO Q 4) No (GO TO Q 5) 
--
4. If yes, would you please describe the codes. 
5. Have you worked on projects in which you have provided maneuvering 
space for the wheelchair users? 
6. 00 you think that the codes regarding maneuvering space at doorways 
solve the problem of access? 
Yes 
--
(GO TO Q 8) No __ (GO TO Q 7) 
7. If not, what is missing? 
8. Please describe what maneuvering space is needed for a doorway. 
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9. In your oplnlon, is it necessary to have a maneuvering space in an 
accessible doorway for wheelchair users? 
Yes 
--
(GO TO Q 10) No 
--
(GO TO Q 11) 
10. If yes, how much space should be provided for wheelchair users? 
11. Why is that much space needed? 
12. In your view, are these maneuvering spaces at doorways usable by 
the wheelchair users? 
Yes (GO TO Q 14) No (GO TO Q 13) 
-- --
13. If not, what is missing? 
14. We have been talking about maneuvering spaces at doorways. Do you 
think that the code requirement about maneuvering spaces in 
doorways makes them accessible for wheelchair users? 
Yes (GO TO Q 16) No (GO TO Q 15) 
-- --
15. If no, why not? 
Now let's talk about toilet stalls. 
16. Is there a code that requires that you provide accessible toilet 
stalls for wheelchair users? 
Yes 
--
(GO TO Q 17) No 
--
(GO TO Q 18) 
17. If yes, what does the code require? 
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18. Have you ever worked on any project in which you have provided 
accessible toilet stalls in public restrooms for wheelchair users? 
Yes No 
-- --
19. 00 you think that the code regarding toilet stalls for wheelchair 
users solves the problem of access? 
Yes (GO TO Q 21) No (GO TO Q 20) 
-- --
20. If no, what is missing? 
21. Please describe what the design of an accessible toilet stall 
entai 1 s. 
Now, I would like to ask you some questions about transfer space in 
toilet stalls. 
22. Is it necessary to have a transfer space in an accessible toilet 
stall for wheelchair users? 
Yes (GO TO Q 23) No (GO TO Q 24) 
-- --
23. If yes, how much transfer space do you provide for wheelchair 
users? 
24. Do you think that these transfer spaces are usable by the 
wheelchair users? 
Yes 
--
(GO TO Q 26) No 
--
(GO TO Q 25) 
25. If no, what is missing? 
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Now, I have some questions about grab bars in toilet stalls. 
26. Are the code requirements concerning grab bars in toilet stalls 
designed for the wheelchair users necessary? 
Yes (GO TO Q 28) No (GO TO Q 27) 
-- --
27. If no, why are grab bars not needed? 
28. Have you worked on any projects in which you have provided grab 
bars in accessible toilet stalls? 
Yes (GO TO Q 29) No (GO TO Q 30) 
-- --
29. If yes, would you please describe what the design of an accessible 
grab bar entails. 
30. In your opinion, is it necessary to provide grab bars? 
Yes 
--
(GO TO Q 31) No 
--
31. If yes, how high should grab bars be? 
30" 
32"--
36" 
Other --
(GO TO Q 32) 
32. \~hy do you think that grab bars need to be that high? 
Because that's what the code says. 
-- Because that ' s where they best support the body weight. 
Because that's where most people reach for them. 
-- Other. 
33. Where should grab bars be located? 
On both side walls 
-- On the left side 
On the right side 
-- On the back wall 
__ Other 
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34. We have been talking about two aspects of toilet stall design: 
transfer space and grab bars. Do you think that the code 
requirement about both issues in toilets make them accessible? 
Yes No 
---- ----
35. If no, why not? 
JWASTATE 
UlNIVERSITY 
February 2, 1987 
Dear Sir/Ms., 
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Department of Architecture 
Ames, Iowa 50011 
Telephone 515-294-4717 
I am a graduate student in Architecture at the College of Design at 
Iowa State University. doing a thesis on Design for accessibility, more 
specifically, design approaches for the wheelchair user. 
I am trying to gather some information about your experience 
related to the physical environment, with respect to how accessible it 
is for you. I would like to ask you some questions and find out about 
the nature of Architectural barriers and how they affect your mobility. 
Your response will be part of a sample of responses that will be 
used to sensitize Architects to the physical barriers that exist in the 
environment. 
In order for my thesis to be useful, I would appreciate your 
response. Participation is voluntary. You may ask any questions when 
we have finished the interview, and I will try to answer them. 
I express my gratitude for anticipated cooperation. 
Sincerely, 
W 
Samuel Ojo 
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Wheelchair Users 
Would you please tell me the physical impairment that has confined you 
to the wheelchair. 
Let's tal kfirst about doorways. 
1. Do you have problems with maneuvering space at doorways? 
Yes (GO TO Q 2) No (GO TO Q 3) 
-- --
2. If yes, please explain the problem. 
3. Do you know of any laws regarding doorways? 
Yes (GO TO Q 4) No (GO TO Q 5) 
-- --
4. If yes, please tell me what the law says. 
5. Do the codes say anything about maneuvering space a t doorways? 
Yes (GO TO Q 6) No (GO TO Q 7) 
6. If yes, do you think that solves your problem of access? 
Yes (GO TO Q 8) No (GO TO Q 7) 
7. If no, what is missing? 
8. Do most doorways through which you enter a building have enough 
space for your wheelchair? 
Yes (GO TO Q 10) No __ (GO TO Q 9) 
--
9. If no, how much space is needed? 
96 
10. Hhen maneuvering space at doorways is provided, is it generally 
usable for you? 
Yes 
--
(GO TO Q 12) No 
--
(GO TO Q 11) 
11. If no, why not? 
Now, I would like to talk to you about toilet stalls. 
12. Do you have any problems with toilet stalls? 
Yes (GO TO Q 13) No (GO TO Q 14) 
--
13. If yes, please explain the problem. 
14. Do you know of any laws regarding toilet stall design? 
Yes (GO TO Q 15) No (GO TO Q 16) 
-- --
15. If yes, would you please describe what the law says. 
16. Do you think that if the code were always followed, your needs with 
respect to how toilet stalls work would be met? 
Yes 
--
(GO TO Q 18) No 
--
(GO TO Q 17) 
17. If no, what is missing? 
18. Are public toilet stalls wide enough to allow transfer from your 
wheelchair? 
Yes (GO TO Q 20) No 
--
(GO TO Q 19) 
--
19. If no, how wide should they be? 
inches 
--
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Now, I have some questions about grab bars in toilet stalls. 
20. Do you have any problems with grab bars? 
Yes (GO TO Q 21) No (GO TO Q 22) 
-- --
21. If yes, please explain the problems. 
22. Do you know of any codes regarding grab bars? 
Yes (GO TO Q 23) No (GO TO Q 24) 
-- --
23. If yes, please describe what the code says. 
24. Do you think that the code satisfies your needs with respect to how 
you use grab bars? 
Yes (GO TO Q 26) No (GO TO Q 25) 
--
--
25. If no, what is missing? 
26. In your experience, are grab bars generally provided? 
Yes No 
27. When grab bars are provided, are they usable? 
Yes (GO TO Q 29) No (GO TO Q 28) 
28. If not, wha tis needed? 
29. In your view, is it necessary to have grab bars? 
Yes (GO TO Q 30) No 
--
(GO TO Q 31) 
--
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30. If yes, where should grab bars be located? 
on both side walls 
-- on the left side 
on the right side 
-- on the back wall 
other 
--
31. How high should grab bars be? 
inches 
--
32. We have been talking about maneuvering spaces at doorways, toilet 
stalls, and grab bars. Do you think that the code requirement 
about these issues make them accessible? 
Yes No 
-- --
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Summary of Findings 
Professionals interviewed in the course of this thesis were from 
the following categories: 
N = 2 (8%) Building Code Engineer 
N = 2 (8%) Ci ty Archi tects 
N = 5 (20%) Director of Design 
N = 3 (12%) Designers 
N = 1 (4%) Landscape Archi tects 
N = 3 (12%) Partners/Principals in Charge of Design 
N = 5 (20%) Practicing Architects in Academia 
N = 4 (16%) Project Architects 
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PROFESSIONALS 
Number of Respondents (N=25) 
Qu. 1. In response to the question, "Have you had any experience using 
accessibility laws or codes?", the respondents indicated: 
Yes % No % Total % 
20 80 5 20 25 100 
Eighty percent of the professionals interviewed have had 
experience using accessibility codes, while the remaining 20% 
have not. 
Qu. 2. In describing which codes the professionals had used, 80% of the 
respondents expressed familiarity with the following: 
U.S.C. 
Iowa State Code. 
A.N.S.I. 
The remaining 20% mentioned the following: 
Accessibility standard illustrated of Illinois. 
Uniform Federal Accessibility Standards. 
North Carolina Code. 
-- Applicable Government/State Governing Authority. 
Qu. 3. In response to the question, "Are there codes that require you 
to provide maneuvering spaces at doorways?", the respondents 
i ndi ca ted: 
Yes 
24 
% 
96 
No 
1 
% 
4 
Total 
25 
% 
100 
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All but one respondent indicated that they were aware of the 
codes that required they provide maneuvering spaces at doorways. 
Qu. 4. A summary of responses to the question regarding a description 
of codes with respect to maneuvering spaces at doorways. 
-- tHnimum door clearance for wheelchair maneuverability. 
Size of door and door swing. 
Direction of travel. 
Stand by space. 
It is significant to note that only about half, 50%, of the 
respondents seems to have an idea about this specific aspect of 
the codes. Although 96% of the respondents were aware of the 
existence of accessibility codes. This response distribution 
suggests that not all respondents clearly understand what codes 
require. 
Qu. S. In response to the question asking if they had worked on 
projects in which they have provided maneuvering space for 
wheelchair users, the results are summarized as follows: 
Yes % No % Total % 
20 80 5 20 25 100 
The results showed that 80% of the respondents had worked on 
projects in which maneuvering spaces for wheelchair users had 
been provided. The remaining 20% had not been involved in 
public projects dealing with the provision of access for 
wheelchair users. 
102 
Qu. 6. To the question asking if codes regarding maneuvering spaces at 
doorways solve the problem of access, the respondents answered 
as follows: 
Yes 
15 
% 
60 
No 
10 
% 
40 
Total 
25 
% 
100 
Qu. 7. The 40% who said that the laws or codes did not solve the 
problem of access expressed the following as their reasons: 
No clear understanding of the mechanics of the posture 
of wheelchair users. 
Empathy on the side of professionals. 
Codes need to be more specific with respect to dealing 
with the disability. 
-- Laws or codes are only minimum standards. 
Qu. 8. In describing the maneuvering space to provide access at a 
doorway, the respondents indicated: 
Pullside 18", push side 24". 
4'0" clear floor space on the push side of doors and 
5'0" clear floor space on the pullside. 
Not quite sure. 
Qu. 9. Ninety-six percent (n=24) of respondents said it was necessary 
to have a minimum space in an accessible doorway. One 
respondent expressed that not all doorways need to be 
accessible. 
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Qu. 10. In answering to the question of how much maneuvering space 
should be provided, respondents indicated: 
Clear floor space of 48"-60" depending on the direction 
of travel. 
18" or 24" preferred from pullside of the door and 12" 
from the push side. 
36" minimum width for doorways. 
Provision of wheelchair maneuverability. 
Qu. 11. In indicating why maneuvering space is needed, respondents 
answered: 
Laws as stated by codes. 
Provision for wheelchair maneuverability. 
5'0" turning radius. 
Based on the size and dimension of wheelchairs. 
Qu. 12. In response to the question asking if maneuvering spaces at 
doorways are usable by the disabled. Eighty percent of 
respondents said yes, while 20% of respondents said no because 
frequently disabled people are not able to use this maneuvering 
space provided. 
Qu. 13. Twenty percent of respondents expressed that maneuvering spaces 
at doorways are not usable by wheelchair users because: 
Practicality versus standards. 
Doors in some instances do not work properly. 
Even with the provision of the maneuvering spaces at 
doorways, the disabled still have to be able to handle 
Qu. 14. 
Qu. 15. 
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the door and deal with the type of door hardware. 
In response to the question asking if code requirements about 
maneuvering spaces at doorways make them accessible for 
wheelchair users, respondents' resul ts are as follows: 
Yes % No % Total % 
21 84 4 16 25 100 
For those 16% (n=4) of respondents who said tha t the code 
requirement about maneuvering spaces do not make them 
accessible, the following reasons were given: 
*More than one comment per respondent. 
Poor code compliance. 
Solves only few problems of the disabled. 
Codes are based only on minimum standards and are thus 
not effective as they should be. 
Not enough clearance that allows a vision panel for 
visibility. 
When codes were developed, they focused on specific 
types of problems and handicaps. 
Codes fail to recognize the different varieties of 
disabilities. 
Toilet Stalls 
Qu. 16. All 100% (n=25) of the respondents recognize the fact that 
there are codes that require the provision of accessible toilet 
stalls for wheelchair users. 
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Qu. 17. In describing what is required by the law for the design of 
accessible toilet stalls, these professionals indicated: 
Depth of stalls. 
32" clear path through toilet stall and 42" clearance in 
front of water closet. 
Door clearance of a minimum of 28", for wheelchair 
access, and door swings out. 
Provision of grab bars. 
Provision of 5'0" x 5'0" stall. 
Adequate fixture height in relation to toilet stalls. 
Cannot specifically say what the law is but aware of the 
laws that considers disabled people. 
Layout of stalls based on length and width. 
Qu. 18. The results showed that 80% of respondents have worked on 
projects in which they had provided accessible toilet stalls 
for wheelchair users. The 20% that had not had been involved 
only in residential projects where such provisions do not 
apply. 
Qu. 19. In responding to the question asking if laws or codes regarding 
toilet stalls for wheelchair users solve the problem of access, 
the professional respondents indicated: 
Yes % No % Total % 
20 80 5 20 25 100 
Qu. 20. The 20% (n=5) of respondents who expressed that the codes 
regarding toilet stalls for wheelchair users do not solve the 
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problem of access, cited the following as elements that are 
missing. 
Codes based on minimum standards not quite for everyone. 
Not sure who the law serves. 
Not sure how some people on wheelchair get into and out 
of the toilet stalls or use toilet stalls. 
Laws or codes not necessary for all disabled people; the 
law simply is not applicable in the case of those who 
cannot successfully make a transfer into the water 
closet. 
Attitude standpoint which requires more empathy on the 
path of professionals. 
Qu. 21. In describing what the design of an accessible toilet stall 
entails, the respondents answered as follows: 
Specific dimensional qualities and configuration of 
toi 1 et stall s. 
Turn around in toilet stalls ability for differe.nt type 
of wheelchair movement. 
Non-slip and textured surface. 
5'0" turning radius. 
Height of fixtures in relation to water closet. 
Door width and swings. 
Properly anchored grab bars. 
Qu. 22. Ninety-six percent (n=24) of respondents said it was necessary 
to have a transfer space in an accessible toilet stall to 
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adequately provide for transfer from wheelchair onto water 
closets. The one respondent who said it was not necessary 
indicated that not all persons on wheelchair really use toilet 
facilities without assistance. 
Qu. 23. In response to the amount of transfer space that needs to be 
provided for wheelchair users, results are summarized as 
follows: 
51 0" x 4 1 6" 
4 1 6" x 5 1 6" 
51 0" x 5 1 0" 
3 1 0" x 5 1 6" 
Qu. 24. In answer to the question inquiring if transfer space is 
usable, 80% of respondents said that if the transfer space is 
provided, it is generally usable by wheelchair users. 
Qu. 25. The respondents who said that transfer spaces are not usable by 
disabled people, gave the following reasons: 
Not sure who the transfer space serves. 
Not all persons on wheelchair can use the toilet 
facilities without assistance. 
Qu. 26. Ninety-six percent (n=24) of respondents said it was necessary 
to provide grab bars in toilet stalls. 
Qu. 27. The 4% (n=l) respondent who said it was not necessary to 
provide grab bars in toilet stalls, suggested that it would not 
be necessary for wheelchair users that cannot successfully make 
a transfer without assistance. 
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Qu. 28. Eighty percent of respondents have worked on projects in which 
they had provided grab bars in accessible toilet stalls for use 
by wheelchair bound people. The remaining 20% that had not 
have not been involved in public projects. 
Qu. 29. In describing what the design of an accessible grab bar 
entails, respondents indicated. 
Size and height location of grab bars in relationship to 
toilet fixtures. 
1 1/4" x 1 1/2" diameter with rounded textured non-slip 
surface. 
1 1/2" clearance from wall. 
Durability (tactile) and proper anchorage. 
Qu. 30. Ninety-six percent (n=24) of respondents said it was necessary 
to have grab bars in toilet stalls, while 4% (n=l) said it was 
not necessary. 
Qu. 31. Eighty percent of respondents expressed that grab bars should 
be between 30"-36" while the remaining 20% said that the height 
of grab bars should be based on the fact that there's disparity 
among the anthropometries of the wheelchair bound population. 
Qu. 32. When asked why grab bars need to be that high, the results were 
as follows: 
Twenty percent (n = 5) of respondents expressed that 
grab bar height is based on what the codes say. 
Twenty-eight percent (n = 7) of respondents expressed 
that grab bars need to be that high because that's where 
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they best support the body weight. 
Fifty-two percent (n = 13) of respondents expressed that 
grab bars need to be that high because that's where most 
people can reach for them. 
Qu. 33. In describing the location of grab bars, the respondents 
answered as follows: 
Sixty percent (n = 15) of respondents said that grab 
bars should be located on both side walls. 
Sixteen percent (n = 4) of respondents said that grab 
bars should be located on the left side. 
Eight percent (n = 2) of respondents said that grab bars 
should be located on the right hand side. 
Forty percent (n = 10) of respondents said that grab 
bars should be located on the back wall. 
Sixteen percent (n = 4) of respondents said that grab 
bars should be located other than those expressed above. 
*Note: Respondents responded to more than one comment per 
respondent. 
Qu. 34. In responding to the question inquiring of the code 
requirements about toilet stall design transfer space and grab 
bars make them accessible, results are summarized as follows: 
Yes 
17 
% 
68 
No 
8 
% 
32 
Total 
25 
% 
100 
Sixty-eight percent of respondents said that they felt that the 
code requirement about the above-mentioned issues make them 
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accessible. 
Qu. 35. Thirty-two percent of respondents said that the code 
requirements about transfer space and grab bars do not solve 
the problem of access for the following reasons: 
Codes are minimum standards and are not quite adequate. 
Codes do not cater for all disability. 
Codes need to be more specific. 
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Summary of Findings 
The breakdown by disability type of wheelchair users interviewed in 
the course of this thesis are as follows: 
N = 3 (12%) Cerebral Pal sy 
N = 2 (8%) Hemiplegia 
N = 4 (16%) Quadriplegia 
N = 2 (8%) Multiple Disability 
N = 2 (8%) Multiple Sclerosis 
N = 5 (20%) Paraplegia (traumatic) 
N = 3 (12%) Poliomyelitis 
N = 2 (8%) Spina Bifida 
N = 2 (8%) Tetraplegia (traumatic) 
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WHEELCHAIR USERS 
Number of Respondents (N=25) 
Qu. 1. In response to the question, "Do you have problems with 
maneuvering space at doorways?", the results are summarized as 
follows: 
Yes 
20 
% 
80 
No 
5 
% 
20 
Total 
25 
% 
100 
Eighty percent of the wheelchair users interviewed said that 
they have problems with maneuvering spaces at doorways, while 
the remaining 20% do not. 
Qu. 2. In expressing the problems they have with maneuvering spaces at 
doorways, the results are summarized as follows: 
Doorways are too narrow to admit wheelchair. 
Door swing in the wrong direction. 
Excessive force required to open doors. 
Distance between outer and inner doors too short. 
Doormats and grates pose barriers. 
Qu. 3. In responding to their knowledge of any laws regarding doorways, 
the results are summarized below: 
Yes 
9 
% 
36 
No 
16 
% 
64 
Total 
25 
% 
100 
Thirty-six percent of respondents knew of codes regarding 
doorways, while 64% of respondents did not know of any codes 
regarding doorways. 
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-Qu. 4. In responding to what the law says, the results are summarized 
as follows: 
Provision of door clearance for wheelchair users as 
specified by ANSI and state codes. 
Provision of maneuvering distance between doors in 
series. 
Not quite sure of what the law says. 
Qu. 5. In responding to what the codes say about maneuvering space at 
doorways, the results are summarized below: 
Yes No Total 
9 36 16 64 25 100 
Thirty-six percent of respondents were aware of the codes 
regarding what the codes say about maneuvering space at 
doorways, while 64% of respondents did not know what the codes 
say about maneuvering spaces at doorways. 
Qu. 6. In response to the question asking if the codes regarding 
maneuvering spaces at doorways solve their problem of access, 
the response from the wheelchair users are as follows: 
Yes No Total 
8 32 17 68 25 100 
Sixty-eight percent of the respondents said the codes regarding 
maneuvering spaces at doorways do not solve their problem of 
access. Thirty-two percent of respondents said the codes do 
solve their problems of access. 
114 
Qu. 7. The 68% of respondents who said that the codes regarding 
maneuvering spaces at doorways do not solve their problem of 
access, stated the following reasons: 
Enforcement of the codes need to be more consistent. 
The different sizes and types of wheelchairs need to be 
recognized. 
Some doors are recessed. 
-- Manufacturers to have doors at least 310" wide and use 
the right type of door knobs. 
I don1t know. 
Qu. 8. In responding to the question asking if the doorways have enough 
space for their wheelchairs, the responses are as follows: 
Yes % No % Total % 
15 60 10 40 25 100 
Sixty percent of the respondents said that most doorways have 
enough space for their wheelchair, while 40% of the respondents 
said that the doorways do not have enough space for their 
wheelchairs. 
Qu. 9. Responding to the amount of space that their wheelchairs need, 
the 40% of respondents 1 response are as follows: 
310" wide clearance. 
Door width as stipulated by code. 
I don1t have any idea. 
115 
Qu. 10. Responding to the question asking if when maneuvering spaces at 
doorways are provided, if they are usable, the results are 
summarized as follows: 
Yes % No % 
17 68 8 32 
Total 
25 100 
Sixty-eight percent of the respondents said that when provided, 
maneuvering spaces are usable, while 32% said they were not 
usable. 
Qu. 11. The 32% of respondents who said that when provided, maneuvering 
spaces were not usable, gave the following reasons: 
Not enough room provided. 
Obstacles; for example, rugs, mats that catch, potted 
plants, hemp or plastic bunch up under small wheels of 
chairs. 
Grates with excessive grid opening. 
Toilet Stalls 
Qu. 12. In responding to if they had problems with toilet stalls, the 
results are summarized as follows: 
Yes % No % Total % 
17 68 8 32 25 100 
Sixty-eight percent of respondents said they do have problems 
with toilet stalls. Thirty-two percent of the respondents said 
they do not have problems with toilet stalls. 
*Of the 32% who said they do not have problems with toilet 
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stalls includes those who cannot use toilet stalls with 
assi stance. 
Qu. 13. The 68% of respondents who said they have problems with toilet 
stalls gave the following reasons for the problem: 
Door swings in wrong direction. 
Wheelchair usually trapped in small inadequate toilet 
stalls. 
Doors not wide enough to admit wheelchair. 
Lack of adequate transfer space. 
Stalls always located at the end wall. 
No grab bars. 
Grab bars not properly located or anchored. 
Stall's surface very slippery. 
Qu. 14. In responding to their knowledge of any laws regarding toilet 
stall design, the results are as follows: 
Yes % No % Total % 
12 48 13 52 25 100 
Fifty-two percent of the respondents did not know of any laws 
regarding toilet stall design, while 48% did know. 
Qu. 15. In responding to the description of what the code says 
regarding toilet stalls, responses are summarized as follows: 
I know the law but cannot specifically explain. 
Applicable state or government standard regarding toilet 
s ta 11 de s i 9 n • 
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Qu. 16. In responding to the question asking if codes were followed if 
their needs would be solved, respondents' responses are 
summarized as follows: 
Yes 
17 
% 
68 
No 
8 
% 
32 
Total 
25 
% 
100 
Sixty-eight percent of the respondents expressed that if the 
codes were correctly followed, some of their needs would be 
solved, while 32% said that regardless of the codes, their 
needs would not be solved. 
Qu. 17. Thirty-two percent of respondents who said that the codes do 
not satisfy their needs with respect to toilet stall design, 
gave the following reasons as what's missing. 
Lack of empathy on the path of professionals. 
Lack of clarity in the interpreting of the law. 
Not enough understanding of the anthropometries of the 
wheelchair users. 
*The 32% of respondents also includes those who cannot use 
toilet stalls without the assistance of another person. 
Qu. 18. In responding to if public toilet stalls are wide enough to 
allow transfer from wheelchair, the responses are summarized as 
follows: 
Yes 
7 
% 
28 
No 
12 
% 
48 
Total 
19 
% 
76 
Twenty-eight percent expressed that public toilets were wide 
enough, while 48% said they were not wide enough for wheelchair 
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transfer. 
*Twenty-four percent of respondents did not respond because they 
cannot use the toilet stalls without assistance. 
Qu. 19. In response to how wide toilet stalls should be, the following 
are the responses: 
30" 
48" 
52" 
I don't know. 
-- As specified by codes. 
Grab Bars 
Qu. 20. In responding to if they had problems with grab bars, the 
results are summarized below. 
Yes % No % 
7 28 12 48 
Total 
19 76 
Twenty-eight percent expressed that they have problems with 
grab bars, while 48% said they did not. 
*Twenty-four percent of respondents did not respond to either 
options because they cannot adequately make transfer on their 
own, so the use of grab bars to them was not important. 
Qu. 21. For the 28% who said they have problems with grab bars, the 
following were given as reasons: 
-- Grab bars not properly anchored to withstand body 
weight. 
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Grab bars not in the right location. 
Not enough clearance between wall and grab bars. 
Grab bars are not the right length. 
Number of grab bars not sufficient. 
Grab bars too slippery. 
Qu. 22. In response to their knowledge of any codes regarding grab 
bars, the results are as follows: 
Yes % No % Total % 
7 28 12 48 19 76 
Twenty-eight percent said they had knowledge of codes regarding 
grab bars, while 48% did not. 
*Twenty-four percent of respondents did not respond to either 
yes or no. 
Qu. 23. In responding to the description of what the codes say 
regarding grab bars, the results are summarized as follows: 
Clearance between wall and grab bars. 
Grab bars need to be strong enough for leverage. 
Grab bars should be mounted at certain height. 
Not specifically sure of what the codes say about grab 
bars. 
Qu. 24. In responding to the question asking if the codes were followed 
if their needs would be solved, with respect to the use of grab 
bars, responses are summarized as follows: 
Yes % No % Total % 
13 52 6 24 19 76 
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Fifty-two percent of respondents said that if the codes were 
correctly followed, their needs would be satisfied, while 24% 
said no. 
*Twenty-four percent of respondents did not specifically say if 
their needs would be met or not. 
Qu. 25. Of the 24% of respondents who said their needs would not be met 
if the codes were followed, they gave the following reasons: 
Lack of empathy on the path of designers. 
Lack of clarity in the codes. 
Much more stringent enforcement needed. 
Flexibility for variation of people sizes. 
Qu. 26. In responding to the question asking if grab bars are generally 
provided, responses are as follows: 
Yes % No % Total % 
13 52 6 24 19 76 
Fifty-two percent of respondents said that grab bars are 
generally provided, while 24% said they are not generally 
provided. 
*Twenty-four percent of respondents did not indicate their 
preference. 
Qu. 27. In responding to the question asking if when grab bars are 
provided if they are usable, the results are summarized as 
foll ows: 
Yes 
16 
% 
64 
No 
3 
% 
12 
Total 
19 
% 
76 
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Sixty-four percent of respondents said that grab bars are 
usable when provided. Only 12% of the respondents said they 
are not. 
*Twenty-four percent of the respondents did not respond for the 
simple fact that they cannot use the grab bars, i.e. cannot 
transfer with assistance. 
Qu. 28. In responding to what is needed to make grab bars usable, the 
following responses are given: 
Grab bars need to be exact height and location. 
Side grab bars are needed. 
Grab bars needed on back walls of toilet stalls. 
Qu. 29. In responding to if it was necessary to have grab bars, 
responses are as follows: 
Yes % No % 
22 88 3 12 
Total 
25 100 
Eight-eight percent of respondents said it was necessary to 
have grab bars, while only 12% said grab bars were not 
necessary. 
Qu. 30. In responding to the location of grab bars, responses are 
summarized below. 
Sixty percent of respondents said that grab bars should 
be located on both side walls. 
Twelve percent of respondents said grab bars should be 
located on the left side. 
Eight percent of respondents said that grab bars should 
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be located on the right side. 
Twenty-eight percent of respondents said that grab bars 
should be located on the back wall. 
Twelve percent of respondents said grab bars should be 
located in places other than those above, i.e. no idea 
or floor mounted. 
*Note that respondents were allowed to respond to more than one 
or all of the answers given. 
Qu. 31. In response to how high grab bars should be: 
Twenty-four percent of respondents said that grab bars 
should be 30" high. 
Twelve percent of respondents said grab bars should be 
32" high. 
Twenty-eight percent of respondents said grab bars 
should be 36" high. 
Thirty-six percent of respondents had no idea of how 
high grab bars should be. 
Qu. 32. In responding to if the code requirements make toilet stalls 
and grab bars accessible, the results are as follows: 
Yes % No % Total % 
16 64 3 12 19 76 
Sixty-four percent of respondents said that the code 
requirements about toilet stalls and grab bars make them 
accessible, while 12% said no. 
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*Twenty-four percent of the respondents did not indicate their 
preference about both answers. 
Review of Federal and State Legislations 
Prohibiting Environmental Barriers 
The first federal legislation aimed at eliminating barriers was the 
Architectural Barriers Act of 1968 Public Law 90-480 (Table 2). It 
required that most buildings constructed, altered, leased, or financed 
by or on behalf of the United States government after the effective date 
of the act whenever possible must comply with standards adopted to 
insure ready access to and use of these buildings by physically 
handicapped persons. 
An earlier important document, however, which was drawn up in 1961, 
was to have considerable influence on the legislation that was to 
follow. The American National Standards Institute's "Specifications for 
Making Buildings and Facilities Accessible to and Usable by the 
Physically Handicapped," known as ANSI Standard Al17.1, was designed to 
be applicable to all buildings and facilities used by the public. It 
described certain minimum conditions concerning site development 
building design which includes the following: ramps with gradients, 
entrance, doors and doorways, stairs, floors, toilet rooms, water 
fountains, public telephones, elevators, controls, identification, 
warning signals and hazards, that could make buildings accessible. It 
was basically a performance standard that specified general criteria 
instead of detailing specific dimensions for every design element. 
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The Urban ~1ass Transportation Act of 1970, Public Law 91-453, 
formulated a national policy that elderly and handicapped persons have 
the same right as other persons to utilize mass transportation 
facilities and services. It required that special efforts be made in 
the planning and design of transportation facilities and services to 
make them available to elderly and handicapped persons, and that all 
Federal programs involved in mass transportation should contain 
provisions implementing this policy (Burgdorf, 1980, p. 491). 
The Federal and Highway Act of 1973, Public Law 93-87, requires 
that projects receiving Federal financial assistance be planned, 
designed, constructed, and operated to allow effective utilization by 
persons who, by reason of illness, injury, age, congenital malfunction, 
or other permanent or temporary incapacity or disability, including 
those who are nonambulatory wheelchair bound and those with 
semiambulatory capabilities (Burgdorf, 1980, P. 506). 
The Rehabilitation Act of 1973, Public Law 93-112, proscribes 
discrimination against handicapped individuals in any program receiving 
federal financial assistance. Thus, for example, to deny a handicapped 
child access to a regular public school classroom in receipt of federal 
financial assistance without compelling educational justification 
constitutes discrimination and a denial of the benefits of such program 
in violation of the statute (Burgdorf, 1980, p. 198). 
The National Housing Act Amendments Act of 1975, Public Law 94-173, 
provides for the removal of barriers in federally supported housing; 
establishes offices of independent living for disabled people in U.S. 
125 
Department of Housing and Urban Development (Dejong and Lifchez, 1983, 
p. 42). 
The Social Security Disability Amendments Act of 1980, Public Law 
96-265, removes certain disincentives to work by allowing disabled 
people to deduct independent living expenses in computing income 
benefits (Dejong and Lifchez, 1983, p. 42). 
The Federal government legislation since 1968 in the areas of 
accessibility has been very significant; however, even if much tighter 
standards are adopted and enforced, the impact on the lives of disabled 
people would not be complete because of its limited coverage. To be 
effective, accessibility requirements must extend to the entire 
environment. 
State and local architectural barrier laws 
Almost every state and many municipalities have adopted some type 
of legislation regarding accessibility for the disabled. There is a 
great variety among the laws. Some laws apply only to new structures, 
while others apply to any renovated building; some even require all 
buildings, existing and new, to be brought into compliance by a specific 
date. Some laws deal only with public buildings, others with both 
public and private (Hopf and Raeber, 1984, p. 2). Frequently there is a 
lack of clarity as to whether temporary facilities are covered by the 
access statutes. Only a small proportion of such statutes specifically 
require temporary buildings to be accessible. 
Compliance with state and local laws also varies greatly. Not only 
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are there differing standards of strictness in the waiver provisions of 
the laws, but variations as to which agency is responsible for enforcing 
compliance. Many statutes give the enforcement responsibility to local 
building authorities, most of whom have little or no experience with the 
needs of disabled people. 
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Table 2. Federal disability laws (Dejong and Lifchez, 1983, p. 42) 
Year 
1968 
1970 
1973 
1973 
1975 
Public 
Law No. 
90-480 
91-453 
93-87 
93-112 
93-391 
1975 94-103 
Ti t1e of Law 
Architectural Barriers 
Act 
Urban ~1ass Transportati on 
Act 
Federal and Highway Act 
Rehabilitation Act 
Department of 
Transportati on 
Appropriations Act 
Deve1 opmenta 1 
Di sabilities 
Assistance and Bill 
of Rights Act 
Key Provisions 
Requires that buildings 
built with federal funds or 
leased by the federal 
government be made 
accessible. 
Requires eligible local 
jurisdiction to plan and 
design accessible mass 
transportation facilities 
and services. 
Requires that transportation 
facilities receiving federal 
assistance under the act be 
made accessible; allows 
highway funds to be used to 
make pedestrian crosswalks 
accessible. 
Prohibits discrimination 
against qualified handi-
capped people in programs, 
services, and benefits that 
are federally funded; 
creates architectural and 
transportation barriers 
compliance board. 
Prohibits purchase of mass 
transit equipment or con-
struction of facilities 
unless they are accessible 
to elderly and handicapped 
people. 
Establishes protection and 
advocacy systems for 
developmentally disabled 
people; establishes 
representative councils in 
each state for developmen-
tally disabled people. 
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Table 2 (Continued) 
Public 
Year Law No. Title of Law 
1975 94-142 Education for all 
Handicapped Children 
Act 
1975 94-173 National Housing 
Act Amendments 
1978 95-602 Rehabilitation 
Comprehensive Services 
and Developmental 
Disability Amendments 
1980 96-265 Social Security 
Disability Amendments 
Key Provisions 
Provides for free 
appropriate education for 
handicapped children in the 
least restrictive setting 
possible. 
Provides for the removal of 
barriers in federally-
supported housing; 
establishes offices of 
independent living for 
disabled people in U.S. 
Department of Housing and 
Urban Development. 
Establishes independent 
living as a priority for 
state vocational 
rehabilitation programs; 
provides federal funding 
for independent-living 
centers. 
Removes certain disincen-
tives to work by allowing 
disabled people to deduct 
independent living expenses 
in computing income 
benefits. 
Ta
bl
e 
3.
 
Su
rv
ey
 o
f 
c
u
rr
e
n
t 
s
ta
te
 l
aw
s 
(H
op
f a
nd
 R
ae
be
r, 
19
84
, 
pp
. 
9-
64
) 
A
do
pt
s 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
AL
 
A
ct 
#2
24
-1
96
5;
 
B
ld
gs
. 
an
d 
fa
ci
li
ti
es
 u
se
d 
St
at
e 
Fi
re
 
Ye
s 
No
ne
 
#1
21
0-
19
75
; 
by
 t
he
 p
ub
lic
 a
nd
 c
o
n
st
ru
ct
ed
 
M
ar
sh
al
l 
Am
en
dm
en
t, 
e
ff
. 
in
 w
ho
le 
o
r 
in
 p
ar
t 
by
 s
ta
te
, 
1-
1-
76
 
co
u
n
ty
, 
o
r 
m
u
n
ic
ip
al
 f
un
ds
 o
r 
an
y 
su
bd
iv
is
io
n 
o
f 
th
e 
s
ta
te
. 
AS
 
AS
 3
5.
10
.0
15
, 
A
ll 
pu
bl
ic
 b
ld
gs
. 
c
o
n
st
ru
ct
ed
, 
Co
m
m
iss
io
ne
r 
Ye
s 
Ye
s 
A
la
sk
a 
Ad
mi
n. 
ow
ne
d 
o
r 
le
as
ed
 b
y 
s
ta
te
 o
r 
o
f 
D
ep
t. 
o
f 
Co
de
 1
7 
Ac
c 
po
l. 
su
bd
iv
is
io
n.
 
Tr
an
sp
or
ta
tio
n 
.
.
.
.
.
 
N
 
50
.0
10
 
an
d 
Pu
bl
ic
 
~
 
Fa
d 1
 i t
i e
s 
AZ
 
Re
vi
se
d 
st
at
ut
es
 
A
ll 
bl
dg
s.
 a
nd
 f
ac
il
it
ie
s 
St
at
e 
ag
en
cy
 
Ye
s 
No
ne
 
Se
c.
 3
4-
40
1 
e
t 
u
se
d 
by
 t
he
 p
ub
lic
 w
hic
h 
a
re
 
re
sp
on
si
bl
e 
fo
r 
se
q 
(19
79
) 
c
o
n
st
ru
ct
ed
 i
n 
w
ho
le 
o
r 
in
 
pl
an
ni
ng
 a
nd
 
pa
rt
 b
y 
s
ta
te
 f
un
ds
, 
o
r 
th
e 
su
pe
rv
i s
i n
g 
th
e 
fu
nd
s 
o
f 
an
y 
po
li
ti
ca
l 
c
o
n
st
ru
ct
io
n 
o
f 
su
bd
iv
is
io
n 
o
f 
th
e 
s
ta
te
 
su
ch
 s
ta
te
 b
ld
gs
. 
an
d 
to
 a
ll
 p
la
ce
s 
o
f 
pu
bl
ic
 
o
r 
fa
ci
li
ti
es
 
ac
co
m
m
od
a t
i o
n
. 
AK
 
A
rk
an
sa
s 
s
ta
t.
 
A
ll 
bl
dg
s.
 o
f 
as
se
m
bl
y,
 e
du
ce
 
St
at
e 
B
ui
ld
in
g 
Ye
s 
No
ne
 
14
-6
37
 e
t 
se
q 
in
st
it
ut
io
ns
 a
nd
 o
ff
ic
e 
bl
dg
. 
Se
rv
ic
es
 
Le
gi
s.
 A
ct 
#1
22
 
c
o
n
st
ru
ct
ed
 i
n 
w
ho
le 
o
r 
pa
rt
 
Am
me
nd
ed
 b
y 
A
ct 
w
ith
 s
ta
te
 f
un
ds
 o
r 
th
e 
fu
nd
s 
#8
60
 &
 80
4,
 
o
f 
an
y 
in
st
ru
m
en
ta
lit
y 
o
f 
th
e 
19
79
 
s
ta
te
. 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
A
do
pt
s 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
Ap
pl 
i c
a 
ti
 on
 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
CA
 
Se
ct
. 
44
50
 e
t 
A
ll 
pu
bl
ic
-f
un
de
d 
an
d 
pu
bl
ic
-
D
ir
ec
to
r 
o
f 
Ye
s 
Ye
s 
se
q.
 
CA
 A
dm
in.
 
u
se
d 
bl
dg
s.
 
A
lso
 p
ri
va
te
ly
 
D
ep
t. 
o
f 
Co
de
 S
ec
t. 
72
50
 
ow
ne
d 
bl
dg
s.
 u
se
d 
by
 p
ub
lic
. 
G
en
er
al 
Se
rv
ic
es
 
e
t 
se
q.
 
CA
 
H
ea
lth
 &
 S
af
et
y 
Co
de
 s
e
c
. 
19
95
5 
CO
 
19
73
 C
O 
re
v
is
ed
 
Al
l 
pu
bl
ic
 b
ld
gs
. 
c
o
n
st
ru
ct
ed
 
St
at
e 
bu
ild
in
g 
Ye
s 
Ye
s 
s
ta
tu
te
s.
 
by
 t
he
 s
ta
te
 o
r 
po
li
ti
ca
l 
di
vi
si
on
s 
o
r 
w
ith
 
.
.
.
.
.
.
 
w
 
Ti
 tl
e 
9 
A
rt 
5,
 
su
bd
iv
is
io
n 
o
f 
th
e 
s
ta
te
. 
th
e 
go
ve
rn
i n
g 
m
in
or
 
0 
Se
c 
9-
5-
10
1 
bo
di
es
 t
he
re
of
 
m
o
di
fic
at
io
n 
th
ro
ug
h 
9-
5-
11
0 
CT
 
G
en
er
al 
st
at
ut
es
 
A
ll 
ne
w
 
bl
dg
s.
 a
nd
 b
ld
g.
 
St
at
e 
bu
ild
in
g 
Ye
s 
Ye
s 
Se
c.
 1
9-
29
5A
 a
nd
 
el
em
en
ts
 c
o
n
st
ru
ct
ed
 u
n
de
r 
in
sp
ec
to
r 
an
d 
19
-3
95
L;
 C
T 
bl
dg
. 
pe
rm
its
 i
ss
ue
d,
 a
nd
 a
ll
 b
ld
g.
 
s
ta
te
 b
ld
g.
 c
od
e 
co
de
 a
rt
ic
le
 2
1 
o
r 
bl
dg
. 
el
em
en
ts 
c
o
n
st
ru
ct
ed
 
co
m
m
itt
ee
 
o
r 
su
bs
ta
nt
ia
lly
 r
en
o
v
at
ed
 b
y 
s
ta
te
, 
m
u
n
ic
ip
al
, 
o
r 
o
th
er
 
po
li
ti
ca
l 
su
bd
iv
is
io
n 
o
f 
th
e 
st
a 
te
o 
Ta
bl
e 
3 
(C
on
tin
ue
d)
 
A
do
pt
s 
19
80
 
St
at
e 
L
eg
is
la
tio
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
DE
 
T
it
le
 2
9,
 
An
y 
fa
ci
li
ty
, 
o
r 
pa
rt
 o
f 
an
y 
A
rc
hi
 te
ct
ur
al
 
A
do
pt
s 
Ye
s 
C h
a p
 • 
7 3
 (
 7 /7
 9 )
 
fa
ci
li
ty
 a
nd
 a
n
y 
a
lt
er
at
io
n 
a
c
c
e
s
s
ib
il
it
y 
st
an
da
rd
 
th
er
et
o,
 w
hi
ch
 a
ft
er
 J
ul
y 
13
, 
bo
ar
d 
if
 n
o 
v
er
y 
c
lo
se
ly
 
19
79
, 
an
d 
a
ll
 p
ub
lic
-f
un
de
d 
so
lu
tio
n 
fo
r 
pa
ra
ll 
e
l 
bu
ild
in
gs
. 
co
m
pl
ia
nc
e 
is
 
to
 t
he
 
ag
re
ed
 u
po
n,
 
AT
BC
B 
by
 t
he
 a
tt
or
ne
y 
ge
ne
ra
l 
.
- w
 
D
.C
. 
Ex
ec
ut
iv
e 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
D
ep
t. 
o
f 
No
 
Ye
s 
.
-
o
rd
er
 #
65
-4
13
 
bu
ild
in
g 
an
d 
gr
ou
nd
s 
FL
 
Ch
ap
. 
55
3,
 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
C
on
tra
ct
in
g 
Ye
s 
Ye
s 
Pa
rt
 V
, 
FL
 
a
u
th
or
it
y 
in
 
s
ta
tu
te
s 
(Se
c 
qu
es
tio
n 
55
3-
45
-5
53
-4
8) 
Am
en
de
d 
by
 7
8-
23
5 
an
d 
78
-3
33
, 
law
s 
o
f 
FL
 C
ha
p. 
25
5.
21
 
& 
Ch
ap
. 
13
0-
1.
 
GA
 
Se
ct
; o
n 
91
-1
10
4 
A
ll 
go
vt
. 
bl
dg
s.
, 
pu
bl
ic
 
Sa
 fe
ty
 F
ir
e 
C
lo
se
ly
 
Ye
s 
th
ro
ug
h 
91
-1
12
5 
bl
dg
s.
, 
an
d 
fa
ci
li
ti
es
 f
un
de
d 
Co
m
m
iss
io
ne
r 
pa
tte
rn
ed
 
by
 g
ov
t. 
s
ta
te
. 
a
ft
er
 
AN
SI 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
A
do
pt
s 
19
80
 
St
at
e 
L
eg
is
la
tio
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
HI
 
R
ev
ise
d 
St
at
ut
es
 
Pu
bl
ic
 b
1d
gs
. 
an
d 
fa
ci
li
ti
es
 
D
ep
t. 
o
f 
Ye
s 
No
ne
 
Se
c.
 1
03
-5
0 
by
 s
ta
te
 o
r 
an
y 
po
li
ti
ca
l 
G
en
er
al
 
su
bd
iv
is
io
n.
 
Se
rv
ic
es
 
ID
 
Co
de
 S
ec
. 
39
-
A
ll 
pu
bl
ic
 b
1d
gs
. 
c
o
n
st
ru
ct
ed
 
D
iv
is
io
n 
o
f 
Ye
s 
Ye
s 
32
01
 e
t 
se
q;
 
w
ith
 s
ta
te
 o
r 
an
y 
po
li
ti
ca
l 
Pu
bl
ic
 W
ork
s 
Se
ct
. 
40
-5
27
 
su
bd
iv
is
io
n 
fu
nd
s. 
o
r 
ag
en
cy
 
fu
nd
in
g 
c
o
n
st
ru
ct
io
n 
.
.
.
.
.
 
w
 
IL
 
Il
l.
 r
e
v
i s
ed
 
Pu
bl
ic
-o
w
ne
d 
b1
dg
s.
, 
a
ls
o 
St
at
e 
o
f 
A
cc
es
si
bi
lit
y 
N
 
St
at
. 
Ch
ap
. 
pu
bl
ic
-u
se
d,
 p
ri
va
te
1y
-
II
I i
 no
i s
 
o
r 
on
e 
St
an
da
rd
 
Ye
s 
11
1 
1/
2,
 S
ec
. 
ow
ne
d 
bu
ild
in
gs
. 
o
f 
it
s 
po
li
ti
ca
l 
Il
lu
st
ra
te
d 
37
01
 e
t 
se
q,
 a
nd
 
su
bd
iv
is
io
n:
 
th
e 
a
c
c
e
s
s
ib
il
it
y 
c
o
n
tr
ac
ti 
ng
 
st
an
da
rd
s 
a
u
th
or
i t
y 
il
l u
st
ra
 te
d 
re
v
is
ed
 8
 
IN
 
In
di
an
a 
Co
de
 
Pl
ac
es
 o
f 
em
pl
oy
m
en
t 
an
d 
St
at
e 
Fi
re
 
19
79
 
No
ne
 
19
71
, 
1.
 C.
 
a
ll
 p
ub
lic
 b
1d
gs
. 
an
d 
o
th
er
 
M
ar
sh
al
l 
o
r 
UB
C 
w
ith
 
22
-1
1-
1-
10
 
b1
dg
s. 
an
d 
st
ru
ct
ur
es
. 
Ad
mi
 ni
 s
tr
a 
ti
 ve
 
m
o
di
fi 
ca
 ti
 on
 
am
en
de
d;
 
In
di
an
a 
Bu
il 
di
ng
 C
ou
nc
i 1
 
c
o
n
st
ru
ct
io
n 
re
gu
1 a
 ti
 on
 
19
81
 
v
o
l. 
1,
 6
60
1.A
.C
 
1-
1.
 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
Ad
op
ts 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
Ap
pl 
i c
a 
ti
 on
 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
IA
 
Io
wa
 a
dm
in
. 
Co
de
 
A
ll 
pu
bl
ic
-f
un
de
d 
bl
dg
s.
, 
B
ui
ld
in
g 
Co
de
 
Ye
s 
No
ne
 
68
0 
ch
ap
. 
16
, 
a
ls
o 
em
er
ge
nc
y 
an
d 
Co
m
m
iss
io
ne
r 
di
ve
 7
; 
Io
wa
 
te
m
po
ra
ry
 c
o
n
di
tio
ns
. 
Co
de
s, 
Ch
ap
t. 
10
3A
 a
nd
 1
04
A 
KS
 
K
.S
.A
. 
58
-1
30
1 
A
ll 
pu
bl
ic
, 
go
vt
., 
an
d 
Po
li
ti
ca
l 
di
ve
 
Ye
s 
No
ne
 
e
t 
se
q;
 K
.S
.A
. 
fa
ci
li
ti
es
 f
un
de
d 
by
 g
ov
t. 
o
f 
c
o
n
tr
ac
tin
g 
~
 
79
-3
2,
 1
75
; 
a
u
th
or
i t
y 
Vo
l 
(19
81
 ) 
Vo
l 
KY
 
KR
S 
Ch
ap
. 
19
8B
; 
A
ll 
pu
bl
ic
 b
ld
gs
. 
c
o
n
st
ru
ct
ed
 
Lo
ca
l, 
s
ta
te
 
Ye
s 
No
ne
 
81
5 
KA
R 
7:
06
0 
by
 s
ta
te
 p
ol
it
ic
al
 s
u
bd
iv
. 
o
f 
bl
dg
. 
o
ff
ic
ia
l/
 
s
ta
te
. 
de
pt
. 
o
f 
ho
us
in
g,
 
bu
ild
in
gs
, 
an
d 
c
o
n
st
ru
ct
io
n 
di
vi
si
on
 o
f 
bl
dg
. 
co
de
 e
n
fo
rc
em
en
t 
LA
 
R.
S.
 4
0:
17
31
 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
St
at
e 
Fi
re
 
Ye
s 
Ye
s 
e
t 
se
q 
(re
v. 
M
ar
sh
al
l 
an
d 
19
81
) 
lo
ca
l 
bu
ild
in
g 
co
de
 a
nd
 h
ea
 1 t
h 
a
u
th
or
it
ie
s 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
St
at
e 
Le
gi
sl
at
io
n 
ME
 
MD
 
MA
 
MI
 
25
 M
RS
A 
Se
c. 
27
01
; 
5 
MR
SA
 
Se
ct
. 
45
91
 
A
rt
ic
le
 4
1,
 
Se
c.
 2
57
 J
K 
G
en
er
al 
law
s 
Ch
ap
. 
22
 S
ec
. 
13
A;
 5
21
 C
MR
 
1.
00
 
Se
ct
. 
12
5-
13
51
; 
Se
ct
. 
12
5-
15
01
, 
M
ich
ig
an
 A
dm
in.
 
Co
de
 R
 4
08
. 
30
10
1 
A
pp
lic
at
io
n 
A
ll 
pu
bl
ic
 a
cc
om
m
od
ati
on
s 
an
d 
pl
ac
es
 o
f 
em
pl
oy
m
en
t 
c
o
n
st
ru
ct
ed
, 
re
m
o
de
led
 o
r 
e
n
la
rg
ed
 a
ft
er
 J
an
. 
1,
 1
98
2. 
Pu
bl
ic
-f
un
de
d 
bl
dg
s.
 a
nd
 
a
ll
 l
ev
el
s 
an
d 
a
re
a
s 
o
f 
ne
w
 
bl
dg
s.
, 
st
ru
ct
ur
es
, 
fa
ci
li
ti
es
, 
an
d 
s
it
es
. 
En
fo
rc
em
en
t 
Ad
op
ts 
19
80
 
AN
SI 
St
at
e,
 c
o
u
n
ty
 
Ye
s 
o
r 
m
u
n
ic
ip
al
 
a
u
th
or
ity
. 
D
ir
ec
to
r 
o
f 
Pu
bl
ic
 I
m
pr
ov
e-
m
en
ts
 a
nd
 C
om
m.
 
o
f 
Ed
uc
at
io
n 
an
d 
C
ul
tu
ra
l 
Se
rv
ic
es
 
W
aiv
ed
 
No
ne
 
Lo
ca
l 
su
b-
di
vi
si
on
 o
r 
o
th
er
 p
ub
lic
 
ag
en
ci
es
 h
av
in
g 
ju
ris
di
cti
on
 
In
co
rp
or
at
es
 
se
c
tio
ns
 
o
f BO
CA
 
Ye
s 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
A
rc
hi
te
ct
ur
al
 
Ye
s 
No
ne
 
Pu
bl
ic
-f
un
de
d 
bl
dg
s.
 
A
lso
 
pu
bl
ic
-u
se
d,
 p
riv
at
el
y-
ow
ne
d 
bu
ild
in
gs
. 
B
ar
ri
er
s 
bo
ar
d;
 
s
ta
te
 a
nd
 l
oc
al
 
bl
dg
. 
in
sp
ec
to
rs
 
Bl
 dg
. 
o
ff
; c
i a
 1 
BO
CA
 
(co
un
ty 
o
r 
go
vt
. 
su
bd
iv
is
io
ns
) 
No
ne
 
.
- w
 
~
 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
Ad
op
ts 
19
80
 
St
at
e 
L
eg
is
la
tio
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
MN
 
Se
c.
 4
71
.4
65
; 
A
ll 
pu
bl
ic
-f
un
de
d 
bl
dg
s.
; 
Co
m
m
iss
io
ne
r 
o
f 
Ye
s 
No
ne
 
MC
AR
 S
ec
. 
a
ls
o 
pu
bl
ic
-u
se
d,
 p
ri
va
te
ly
-
ad
m
in
., 
bu
ild
in
g 
1-
55
01
 
ow
ne
d 
bu
ild
in
gs
. 
co
de
s 
di
vi
si
on
 
MS
 
Co
de
 a
n
n
. 
se
c
. 
A
ll 
bl
dg
s.
 o
f 
as
se
m
bl
y,
 
St
at
e 
bo
ar
d 
No
 
Ye
s 
43
"';
6-
10
1 
e
du
ca
tio
n,
 o
ff
ic
es
, 
pu
bl
ic
 
o
f 
he
al 
th
 
bl
dg
s.
 c
o
n
st
ru
ct
ed
 i
n 
w
ho
le 
o
r 
pa
rt
ia
ll
y 
by
 s
ta
te
, 
co
u
n
ty
, 
.
.
.
.
.
 
m
u
n
ic
ip
al
, 
o
r 
go
vt
. 
fu
nd
s. 
w
 
(J
"\ 
MO
 
Re
vi 
se
d 
st
a 
tu
te
s 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
Co
un
tie
s, 
No
 
No
ne
 
Ch
ap
. 
8,
 s
e
c
. 
m
un
i c
i p
a l
i t
i e
s 
8.
61
0 
o
r 
po
li 
ti
 ca
 1 
su
bd
iv
is
io
n 
MT
 
Co
de
 a
n
n
. 
se
c
. 
A
ll 
bu
ild
in
gs
 a
nd
 f
ac
il
it
ie
s 
D
ep
t. 
o
f 
Ad
mi
n. 
UB
C 
No
ne
 
50
-6
0-
20
1 
an
d 
u
ti
li
zi
ng
 s
ta
te
 o
r 
lo
ca
l 
B
ui
ld
in
g 
Co
de
 
pr
ov
is
io
n 
50
-6
0-
20
3 
fu
nd
s. 
di
 v
. 
1 o
ca
 1,
 
go
v t
s.
 c
e
rt
i f
i e
d 
by
 s
ta
te
 
NE
 
Re
vi
se
d 
s
ta
te
 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
St
at
e 
Fi
re
 
Ye
s 
No
ne
 
St
at
ut
es
 S
ec
. 
M
ar
sh
al
l; 
72
-1
10
1 
ap
pr
op
ri 
a 
te
 
lo
ca
l 
o
r 
po
li 
ti
 ca
 1 
su
bd
iv
is
io
n 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
Ad
op
ts 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
Ap
pl 
ic
a t
i o
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
NV
 
Re
vi 
se
d 
St
at
ut
es
 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
Ne
va
da
 P
ub
lic
 
Ye
s 
No
ne
 
Se
c.
 3
38
-1
80
 
W
or
ks
 B
oa
rd
 
NH
 
Re
vi
se
d 
St
at
ut
es
 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
Lo
ca
 1,
 s
ta
te
 
Ye
s 
No
ne
 
27
5-
C;
 a
nd
 t
he
 
ag
en
ci
 es
 
ha
vi
ng
 
A
rc
h.
 B
ar
ri
er
 
ju
ris
di
cti
on
 o
v
er
 
fr
ee
 d
es
ig
n 
co
de
 
gi
ve
n 
pr
oje
ct 
fo
r 
th
e 
s
ta
te
 o
f 
NH
 
.
.
.
.
.
.
 
w
 
0'
1 
NJ
 
Se
c.
 5
2:
32
-1
, 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
D
ep
ar
tm
en
t 
o
f 
Ye
s 
No
ne
 
Se
c.
 5
2:
32
-4
, 
Tr
ea
su
ry
, 
di
v.
 
52
:3
2-
5,
 5
2:
32
-1
1 
o
f 
B
ld
gs
. 
an
d 
52
: 1
4;
 U
.C
.C
. 
C
on
st
ru
ct
io
n 
an
d 
Ch
ap
. 
23
 t
it
le
 
C
on
tra
ct
in
g 
5 
NJ
 A
rc
h.
 
B
ar
ri
er
 
A
ut
ho
rit
y 
Fr
ee
 R
eg
. 
77
 
Re
v. 
#1
 
NM
 
Se
c.
 6
0-
13
-4
40
. 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
D
ep
t. 
o
f 
Fi
n.
 
Ye
s 
Ye
s 
G:
 
Se
c. 
15
-3
-7
, 
8 
C
on
st
ru
ct
io
n 
an
d 
Se
c.
 6
7-
3-
64
 
In
du
st
ri
es
 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
Ad
op
ts 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
NY
 
Pu
bl
ic
 L
aw
 S
ec
. 
Pu
bl
ic
-f
un
de
d 
bl
dg
s.
 
A
lso
 
Co
m
m
iss
io
ne
r 
Ye
s 
Ye
s 
50
. 
Ex
ec
. 
La
w 
pu
bl
ic
-u
se
d,
 p
riv
at
el
y-
ow
ne
d 
o
f 
Ho
us
i n
g 
& 
St
. 
Se
c.
 3
70
, 
Hi
 g
h-
bu
ild
in
gs
. 
Bl
dg
. 
Co
de
 C
ou
nc
il 
w
ay
 L
aw
 S
ec
. 
33
0,
 
an
d 
bo
dy
 w
ith
 d
es
ig
n 
Se
c.
 5
1 
& 
52
. 
ap
pr
ov
al
 a
u
th
or
ity
 
St
at
e 
bl 
dg
. 
sh
ar
e 
re
sp
on
si
bi
lit
y 
c
o
n
st
. 
co
de
 
C2
15
 (
82
4) 
.
- w
 
NC
 
Se
c.
 1
43
-1
38
. 
A
ll 
pu
bl
ic
-f
un
de
d 
bl
dg
s.
 
Lo
ca
l 
o
ff
ic
ia
ls
 
Ye
s 
No
ne
 
.
.
.
.
.
.
.
 
NC
 S
ta
te
 B
ld
g. 
A
lso
 p
ub
lic
-u
se
d,
 p
ri
va
te
ly
-
in
 c
o
o
pe
ra
 ti
 on
 
Co
de
 
ow
ne
d 
bu
ild
in
gs
. 
w
ith
 S
ta
te
 C
om
m.
 
o
f 
In
su
ra
nc
e 
ND
 
Se
c.
 4
8-
02
-1
9,
 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
St
at
e 
Co
ns
t. 
Ye
s 
Ye
s 
Se
c.
 2
3-
13
-1
2,
 
Su
pe
ri 
n
te
nd
en
t 
13
; 
Se
c. 
40
-3
1-
01
.1
, 
Se
c.
 3
9-
01
-1
5;
 N
D 
Ce
nt
ur
y 
Co
de
 
OH
 
Oh
io 
Re
v. 
Co
de
 
A
ll 
bu
ild
in
gs
 o
r 
po
rt
io
ns
 
Bo
ar
d 
o
f 
BO
CA
 
Ye
s 
Se
c.
 3
78
1.
11
1;
 
th
er
eo
f 
op
en
 t
o 
th
e 
pu
bl
ic
. 
B
ui
ld
in
g 
OH
 A
dm
. 
Co
de
 
St
an
da
rd
s 
Ru
le 
41
01
:2
-5
-1
5 
OK
 
St
at
ut
es
 6
1 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
St
at
e 
Bo
ar
d 
Ye
s 
Ye
s 
Se
c.
 1
1 
o
f 
Pu
bl
ic
 A
ff
ai
rs
 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
St
at
e 
Le
gi
sl
at
io
n 
Ap
pl 
i c
a 
ti
 on
 
En
fo
rc
em
en
t 
OR
 
OR
 r
e
v
. 
st
at
ut
es
 
Ev
er
y 
go
ve
rn
m
en
t 
o
r 
pu
bl
ic
 
D
ep
ar
tm
en
t 
o
f 
44
7-
21
0 
an
d 
bu
ild
in
g 
o
r 
po
rt
io
n 
th
er
eo
f.
 
Co
mm
erc
e 
45
6-
75
0 
PA
 
H
an
di
ca
pp
ed
 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
D
ep
t. 
o
f 
Ad
op
ts 
19
80
 
AN
SI 
Ad
op
ts 
UB
C 
Ye
s 
W
aiv
ed
 
No
ne
 
Ye
s 
A
ct
, 
23
5,
 
La
bo
r 
&
 In
du
st
ry
 
Pu
rd
on
 S
ta
tu
te
s 
Se
c.
 1
45
5-
1 
RI
 
R
eg
ul
at
io
n 
SB
C-
7 
A
ll 
bu
ild
in
gs
 a
nd
 p
or
tio
n 
Lo
ca
l 
bu
ild
in
g 
Ad
op
ts 
No
ne
 
(19
81
) 
th
er
eo
f 
o
f 
u
se
 
(as
sem
bly
, 
o
ff
ic
ia
l 
AN
SI 
bu
si
ne
ss
, 
fa
ct
or
y,
 
w
ith
 
in
st
it
ut
io
na
l,
 m
e
rc
ha
nt
ile
, 
m
in
or
 
st
or
ag
e) 
m
o
di
fi 
ca
 ti
 on
s 
SC
 
Co
de
 l
aw
s 
o
f 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
Po
li
ti
ca
l 
Ye
s 
Ye
s 
SC
 S
ec
. 
10
-5
-2
10
 
di
vi
si
on
 o
r 
c
o
n
tr
ac
tin
g 
a
u
th
or
ity
 i
n 
qu
es
tio
n 
SO
 
SD
CL
 5
-1
4-
12
 
A
ll 
bl
dg
s.
 a
nd
 f
ac
il
it
ie
s 
Ad
mi
 ni
 s
tr
a 
to
r 
Ye
s 
Ye
s 
u
se
d 
by
 p
ub
lic
, 
c
o
n
st
ru
ct
ed
 
in
 c
ha
rg
e 
on
 
in
 w
ho
le 
o
r 
in
 p
ar
t 
by
 s
ta
te
, 
be
ha
lf 
o
f 
co
u
n
ty
, 
o
r 
m
u
n
ic
ip
al
 f
un
ds
 
po
li
ti
ca
l 
o
r 
an
d 
su
bd
iv
is
io
n 
o
f 
th
e 
su
bd
iv
is
io
n 
st
a 
te
o 
.
.
.
.
.
.
 
w
 
co
 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
St
at
e 
TN
 
TX
 
UT
 
VT
 
VA
 
Le
gi
sl
at
io
n 
Co
de
 a
n
n
. 
Se
c.
 5
3-
25
44
 
A
rt
ic
le
 7
 o
f 
A
rt
ic
le
 6
01
b 
Co
de
 a
n
n
. 
se
c
. 
26
-2
7-
1 
Ti
 tl
e 
18
 S
ec
. 
13
22
; 
ti
tl
e 
3,
 
Ch
ap
t. 
25
 
Co
de
 S
ec
. 
2.
1-
51
4;
 S
ec
. 
15
.1
-
38
1.
 
Ad
d. 
1.
 
A
rt
 5
, 
Se
c.
 5
15
-0
 
U
ni
fo
rm
 s
ta
te
w
id
e 
bu
ild
in
g 
co
de
 
A
pp
lic
at
io
n 
A
ll 
pu
bl
ic
 b
ui
ld
in
gs
 
c
o
n
st
ru
ct
ed
 o
f 
w
hi
ch
 
co
m
m
en
ce
d 
a
ft
er
 1
97
0.
 
A
ll 
pu
bl
ic
, 
s
ta
te
 a
nd
 
fe
de
ra
l-f
un
de
d 
bu
ild
in
gs
. 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
A
lso
 p
ub
lic
-u
se
d,
 p
ri
va
te
ly
-
ow
ne
d 
bu
il
di
ng
s~
 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
En
fo
rc
em
en
t 
Ag
en
cy
 w
ith
 
pr
im
ar
y 
re
sp
on
si
bi
lit
y 
fo
r 
de
sig
n 
o
f 
pu
bl
ic
 b
ui
ld
in
g 
St
. 
Pu
rc
ha
sin
g 
an
d 
G
en
er
al 
Se
rv
ic
es
 C
om
m.
 
St
at
e 
B
ui
ld
in
g 
Bo
ar
d 
o
r 
ag
en
cy
 
w
ith
 p
rim
ar
y 
re
sp
on
si
bi
lit
y 
Ad
op
ts 
19
80
 
AN
SI 
W
aiv
ed
 
Ad
op
ts 
Ye
s 
se
c
ti 
on
 
o
f 
th
e 
NC
 
s
ta
te
 
bl
dg
. 
co
de
 
Ye
s 
No
ne
 
Ye
s 
No
ne
 
fo
r 
de
sig
n 
pr
oje
ct 
D
ep
t. 
o
f 
La
bo
r 
.
 
Ye
s 
Ye
s 
an
d 
In
du
st
ry
 
Bo
ar
d 
o
f 
BO
CA
 
No
ne
 
H
ou
sin
g 
an
d 
+
 
Co
mm
un
i t
y 
AN
SI 
D
ev
elo
pm
en
t 
.
.
.
.
 
e
N
 
1.
0 
Ta
bl
e 
3 
(C
on
tin
ue
d) 
A
do
pt
s 
19
80
 
St
at
e 
Le
gi
sl
at
io
n 
A
pp
lic
at
io
n 
En
fo
rc
em
en
t 
AN
SI 
W
aiv
ed
 
WA
 
Co
de
 1
9.
27
, 
A
ll 
pu
bl
ic
-f
un
de
d 
bl
dg
s.
, 
C
ity
 a
nd
 C
ou
nt
y 
Ye
s 
No
ne
 
Ch
ap
. 
70
.9
2,
 
a
ll
 g
ro
up
s 
A,
 B
, 
E,
 H
, 
I,
 
bl
dg
. 
de
pt
. 
Ad
mi
n. 
Co
de
 
an
d 
R-
1 
(U
BC
). 
51
-1
2 
WV
 
A
rt 
10
F,
 C
ha
p. 
A
ll 
pu
bl
ic
 b
ui
ld
in
gs
 a
n
d/
or
 
D
ir
ec
to
r,
 D
iv
. 
No
 
Ye
s 
18
, 
Co
de
 o
f 
fa
ci
li
ti
es
. 
o
f 
Vo
c. 
Re
ha
b. 
W
es
t 
V
ir
gi
ni
a 
WV
 S
ta
te
 B
oa
rd
 
.
.
.
.
.
.
 
o
f 
V
oc
at
io
na
l 
~
 
Ed
uc
at
io
n 
0 
WI
 
St
at
ut
es
 S
ec
. 
Pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
, 
D
ep
t. 
o
f 
No
 
Ye
s 
10
1.
13
; 
In
d.
 
a
ls
o 
pu
bl
ic
-u
se
d,
 p
ri
va
te
ly
-
In
du
st
ry
, 
La
bo
r 
52
.0
4,
 5
2.
04
1 
ow
ne
d 
bu
ild
in
gs
. 
&
 Hu
ma
n 
R
el
at
io
ns
, 
an
d 
52
.0
42
 W
I 
D
iv
. 
o
f 
Sa
fe
ty
 &
 
Ad
mi
n. 
Co
de
 
B
ui
ld
in
g 
WY
 
St
at
ut
es
 S
ec
. 
A
ll 
pu
bl
ic
-f
un
de
d 
bu
ild
in
gs
. 
St
at
e 
Fi
re
 
Ye
s 
Ye
s 
35
-1
3-
10
1 
M
ar
sh
al
l 
o
r 
C
ity
 E
ng
in
ee
r 
o
f 
ju
ris
di
cti
on
 
141 
Typical Barrier Problems of Wheelchair Users 
In order to design for the needs of the non-ambulant person, it is 
necessary that the design criteria address selected pertinent design 
issues that affect this particular type of users. Obviously, there are 
many more elements that are present in the environment, yet some of the 
most important are discussed. 
Parking: 
The primary constraints of parking lots are the width of car 
spaces and access to walkways clear of vehicular movements. 
Parking meter out of reach. 
Parking not conveniently located to building entrance. 
Approach: 
No curb cut or traffic light at crossing. 
Curb cut blocked by a car. 
Streets between parking space and building entrance. 
The primary constraints on ramps, if provided, are degrees of 
pitch of ramp, length of ramp between resting platforms, and 
control of the wheelchair in the process of ascending or 
descending. 
Lack of handrails at the top and bottom of ramps. 
Change in level between sidewalk and entrance level. 
Entrance: 
Doors not along accessible routes. 
Doors too narrow to admit wheelchair. 
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Revolving doors which operate while flush side doors are locked. 
Distance between outer and inner door too short. 
Excessive pressure needed to operate doors. 
Threshold too high. 
Elevators: 
Entrance too narrow to admit wheelchair users. 
Cab's floor level out of alignment with building floor. 
Controls for upper floors out of reach. 
Cab size too small for wheelchair. 
Cabs are usually not equipped with handrails. 
Floors (surfaced or unsurfaced): 
Most surface areas are difficult to travel unless they possess 
stability or firmness, are continuous and not broken, are 
relatively smooth, and are of quality that is not conducive to 
slipping. 
Floors between different areas of building not level and 
connected by accessible routes. 
Restrooms: 
Closest accessible restroom three floors down; or for the other 
sex only. 
Toilet with door that scrapes the sides of a wheelchair passing 
through. 
-- Toilet paper holder not within easy reach. 
No free space for wheelchair maneuvering. 
Toilet seat too high. 
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Water closet: 
Toilet stall too narrow to admit wheelchair. 
No grab bars either at the side or rear of the stall. 
Water closet too low for wheelchair transfer. 
Lavatory: 
Clearance below bowl too small to allow wheelchair to slide 
under. 
Uninsulated hot water line. 
Water fountains: 
Spout and controls out of reach. 
Fountain in alcove too narrow for wheelchair. 
Public telephones: 
Nearest telephone not accessible. 
Free standing but lacking space beneath for wheelchair. 
Coin slot, dial, and handset out of reach. 
Controls: 
Windows, draperies, heat and light, and fire alarms out of reach 
of persons in wheelchair. 
Kitchen: 
Cabinets and cooking areas only reached by parking wheelchair 
parallel to counter. 
Storage areas are too high or too low. 
Doors swing which obstruct free chair movement. 
Work surfaces and countertops not free of sharp or abrasive 
edges. 
144 
Si nks: 
Sinks not adjustable. 
Not enough space below sink. 
Exposed pipes. 
Ovens: 
Ovens not adjacent to the accessible counter. 
Controls not located in front. 
Controls not within reach. 
Source: Ruddy, 1986, pp. 1-14. 
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DEFINITIONS 
Access aisle: An accessible pedestrian space between elements, 
such as parking spaces, seating, and desks, that provides clearances 
appropriate for use of the elements. 
Accessible: Describes a site, building, facility, or portion 
thereof that complies with certain standards and that can be approached, 
entered, and used by physically handicapped people. 
Accessible route: A continuous unobstructed path connecting all 
accessible elements and spaces in a building or facility that can be 
negotiated by a person with severe disability using a wheelchair and 
that is also safe for and usable by people with other disabilities. 
Admi ni stra tive authori ty: A juri sdi cti ona 1 body that adopts or 
enforces regulations and standards for the design, construction, or 
operation of buildings and facilities. 
Aging: Aging is a chronological phenomenon with which physical 
changes are associated. Although old people as a group are subjected to 
a progressive decline in physical health and capabilities, many can 
continue to lead normal lives without undue restrictions and are not in 
need of all the special facilities which characterize accommodation for 
elderly and infirm people. 
Ai 1ment: A bodily sickness, disorder, or chronic disease. 
Ambulant: Being able to walk without aid. 
Amputation: The removal of the whole or part of a limb as a result 
of a traumatic accident or disease. 
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Ankylosis: The fusion of two bones at a joint due to disease or 
surgery. 
Anthropometrics: Measurements and dimensions of human space and 
distance requirements needed for functioning in a built environment. 
Aphasia: Loss or impairment of the power of speech. 
Apoplexy: A lay term, synonymous with stroke. 
Arthritis: General term for conditions where there is inflammation 
of the joints. 
Assembly area: A room or space accommodating a number of 
individuals as specified by the authority having jurisdiction and used 
for religious, recreational, educational, political, social, or 
amusement purposes. 
Ataxia: Incoordination of the locomotor muscles. Ataxia may be 
due to cerebral palsy, multiple sclerosis, or other causes. 
Athetosis: Involuntary movements. Athetosis is often a symptom of 
cerebral palsy. 
Automatic door: A door equipped with a power-operated mechanism 
and controls that open and close the door automatically upon receipt of 
a momentary activating signal. 
Barriers: Physical or functional obstructions to the intended use 
of a space. 
Cardio-vascular diseases: Diseases associated with the heart and 
circulatory system that are the most common type of chronic disability. 
Cerebral palsy, spastic: The individual affected by spastic 
cerebral palsy may have involvement of both lower or, more namely, both 
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upper limbs. or three or all four limbs. Many spastics use wheelchairs. 
Chairbound: A person or persons who are either confined to a 
wheelchair or who elect to use a wheelchair for ease of movement. 
Children: People below the age of b~elve (that is, elementary 
school age and younger). 
Chronic: Marked by long duration or frequent recurrence. 
Circulation path: An exterior or interior way of passage from one 
place to another for pedestrians, including. but not limited to. walks, 
hallways. courtyards, stairways. and stair landings. 
Clear: Unobstructed. 
Clear opening: The dimension between two sides of an opening 
measured from the furthermost protuberance into the opening. Examples: 
the clear opening of a door does not include the space taken up by the 
door and its hinges and the door jamb, i.e •• the clear opening is 
narrower than the door itself. 
Common use: Refers to those interior and exterior rooms, spaces. 
or elements that are made available for the use of a restricted group of 
people. 
Comply with: Meeting all the requirements of a specific standard 
or section thereof. 
Components: Typically. fixed and non-fixed architectural and 
mechanical building elements. 
Corridor lobby: Wheelchair turnaround space in corridors; where 
seating is provided, it qualifies as a rest stop. 
Coverage: The extent or range of accessibility that a particular 
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administrative authority adopts and requires. 
Cross slope: The slope of a pedestrian way that is perpendicular 
to the direction of travel. 
Curb ramp: A short ramp cutting through a curb or built up to it. 
Disability: Refers to the impact of impairment upon the 
performance of activities commonly accepted as the basic element of 
everyday living. 
Disabled: See physically handicapped person. 
Dwarfism: This condition consists of a significant 
underdevelopment of the body. It may result from abnormal fetal 
development, hormonal irregularities, or other disorders occurring 
during the growth process. The proportions of head, trunk, and limbs 
may be either normal or abnormal. 
Egress, mean of: A path of exit that meets all applicable code 
. specifications of the regulatory building agency having jurisdiction 
over the building or facility. 
Element: An architectural or mechanical component of a building, 
facility, space, or site that can be used in making functional spaces 
accessible (for example, telephone, door, ramp, drinking fountain, 
seating, water closet). 
Enforcement: The compelling of the fulfillment of a law or order. 
Environment: The physical surrounding, including objects, 
buildings, climate, outdoor landscape, transportation systems, and 
graphics. 
Environmental barrier: A condition in the physical environment 
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that prohibits individuals from gaining access to or using certain 
facilities, equipment, or products. 
Facility: Allor any portion of a building, structure, or area, 
including the site on which such building, structure, or area is 
located, wherein specific services are provided or activities are 
performed. 
Fracture: A break or crack such as of a bone or cartilage. 
Hand and arm disabilities: People with hand and arm disabilities 
may be grouped as follows: entirely dependent on one hand and arm, 
e.g., high level amputees to whom a prosthesis cannot be fitted; 
limitations of both hands and arms; one good arm and a partial 
disability of the other, e.g., hemiphegics or arm amputees using 
prosthesis. 
Handicap: A mental, physical, or emotional disability or 
impairment that makes human performance unusually difficult. 
Hazards: Protrusions, obstruction, changes in materials or levels, 
exposed structural or mechanical components, or the effects of inclement 
that is likely to cause personal injury, confusion or discomfort. 
Hearing disabilities: Deafness or hearing impairments to the 
extent that the individual is not able to perceive sonic information 
that is important for safety and security. 
Hemiplegia: Paralysis of one side of the body caused by 
thrombosis, embolism, or cerebral hemorrhage. The paralyzed side is 
referred to as the hemiplegic or involved side. 
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HUman factors: Design factors based on the levels and 
characteristics of human performance in perception and action. 
Housing: A building, facility, or portion thereof, excluding in-
patient health facilities, that contain one or more dwelling units or 
sleeping accommodations. 
Impairment: Any loss of psychological, physiological, or 
anatomical structure or function. 
Incontinence: The inability to control bowel or bladder. 
Traumatic paraplegics and some multiple sclerotics are handicapped in 
this way. Elderly people are sometimes incontinent. 
Incoordination: The inability to coordinate movements or control 
regular movements. Disabilities affecting coordination include cerebral 
palsy, Parkinson's disease, and multiple sclerosis. 
International symbol of access: The graphic symbol used to 
indicate buildings, entrances, doors, and facilities which are 
accessible to wheelchair users and other persons with limited mobility. 
legislation: An act passed by a federal, state, or municipal 
legislative body. 
Malformation of limbs: Defects that are the result of imperfect 
formation of the body during the fetal period. 
Mobility: The capacity or facility of movement. 
Monoplegia: Paralysis of a single limb. 
Multiple sclerosis: The most common organic disease of the central 
nervous system. It can cause locomotor paralysis, incoordination, and 
the impairment of other faculties. 
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Municipality: A primary urban political unit (as a town or city) 
having corporate status and usual powers of self-government (has no 
powers save those conferred upon it by the laws of the state). 
Muscular dystrophy: Muscular dystrophies are a group of 
degenerative diseases characterized by muscle deterioration which occurs 
independently of the nervous system. 
Non-ambulatory disabilities: Impairments that regardless of cause 
or manifestations confine individuals to wheelchairs. 
Occupancy: The purpose for which a building or part of a building 
is used or intended to be used. 
Overweight: Temporary or chronic state of weighing in significant 
excess of expected average weight for an individual age, sex, and body 
build. Severe overweight affects ability to bend, turn, and lift. 
Movements may strain heart. 
Paralysis: loss of muscular control. 
Paraplegia: Total or partial paralysis of both lower limbs. 
Paraplegia is caused by injury or disease involving the spinal cord. 
Paresis: Partial paralysis. 
Physically handicapped person: An individual who has a physical 
impairment, including impaired sensory, manual, or speaking abilities 
that results in a functional limitation in gaining access to and using a 
building or facility. 
Poliomyelitis: A virus disease affecting the spinal cord causing 
paralysis of the muscles. The residual effects of polio may involve 
complete or partial muscular paralysis, e.g., in one leg or arm, or in 
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specific areas unevenly distributed throughout the body. In severe 
cases paralysis of all four limbs may be virtually complete. 
Pregnancy: Duration of pregnancy may be marked by nausea, 
dizziness, loss of stamina and strength, difficulties in bending and 
mobility. 
Principal entrance: An entrance intended to be used by the 
residents or users to enter or leave a building or facility. This may 
include, but not limited to, the main entrance. 
Prosthesis: A replacement of an absent part by an artificial one, 
e.g., a leg, arm, etc. It commonly refers to artificial limbs. 
Public building use: Describes interior and exterior rooms or 
spaces that are made available to the general public. Public use may be 
provided at a building or facility that is privately or publicly owned. 
Quadriplegia: Paralysis of all four limbs caused by an injury to 
the nerve cells in the cervical region. The injury is usually 
traumatic, e.g., a broken neck. 
Ramp: A walkway surface in an accessible space that has a running 
slope. 
Regulation: A rule dealing with details of procedure and issued by 
an executive authority of government. 
Running slope: The slope of a pedestrian way that is parallel to 
the direction of travel. 
Semi-ambulatory disabilities: Impairments that cause individuals 
to walk with difficulty or insecurity. 
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Sight disabilities: Total blindness or impairments affecting sight 
to the extent that the individuals are not able to perceive visual 
information, important for safety, security, and direction-finding. 
Space: A definable area (for example, toilet room, hall, assembly 
area, entrance, storage room, etc.). 
Spina bifida: Spina bifida is a congenital condition where the 
spinal cord is imperfec~ly developed, causing, in some cases, 
paraplegia. 
Temporary: Applies to facilities that are not of permanent 
construction but are extensively used or essential for public use for a 
given (short) period of time. 
Tetraplegia: Paralysis of all four limbs caused by an injury or 
disease to the nervous cells in the neck (synonymous with quadraplegia). 
The most common injuries are diving accidents, falls, and traffic 
accidents where the head is thrown forward following deceleration of the 
body. 
Trauma: Accidental or other injury due to shock or wounding. 
Usable: Convenient and practical for use by physically handicapped 
persons. 
Vertical access: r·1eans of travelling from one floor level to 
another. Examples: ramps, stairs, elevators, etc. 
Wheelchair: A chair mounted on wheels and usually propelled by the 
occupant by means of hand rims attached to the two large side wheels. 
Sources: Goldsmith, 1976, pp. 467-480. Design Criteria, 1977, pp. 
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39-42. Uniform Federal Accessibility Standards, 1984, pp. 3-4. 
Accessibility Standards Illustrated, 1986, pp. 1-9. ANSI.AI17.1, 1986, 
pp. 14-15. 
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PARKING STALL 
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Problem illustration: 
Fig. 37. Parking stall problem illustration 
Problem narrative: 
Many disabled people drive their own cars or vans and need parking 
spaces which are wide enough to open a car door fully and to allow for 
transfer into their wheelchairs. As illustrated above in Figs. 37 and 
38, the parking space is too narrow for wheelchair transfer, because the 
width of the parking stall designated as handicapped stall does not 
allow enough room for transfer from car into wheelchair (Fig. 38) and 
thus is not adequate as an accessible parking stall for the wheelchair 
user. 
157 
Problem illustration: 
Aa..E~I~L-E ~t7Uilt 
U U U , n u 
n n [] n D 
D [] n a D 
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D -1 [J [] n ~ 0 ~ [J [J 6- [] ~ 0 ~ D \\' 0 \\ [] 0 D ~ D IJ l D (] n ~ 0 0 ~ D [] (I D [J I [] D n I D 
[] ~ [] D 0 ~ n 0 [] D U 0 
Fig. 38. Parking stall problem illustration 
Design Guideline: Parking spaces for physically handicapped people 
should be at least 96" (2440 mm) wide and should have adjacent access 
aisle 60" (1525 mm) wide minimum. To permit wheelchair unloading 
transfer and maneuvering Fig. 40. 
ANSI.A.117.86 
Section 4.6.2 
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2 
3 4 
5 6 
7 R 
Fig. 39. The sequence of a person leaving his car and transferring 
into his wheelchair (Accessibility Standards Illustrated, 
1978) 
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Solution illustrated: 
~t=~I~L..£ ~OU"e. 
n U e~r~H I 
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tt tt ~ \.\ w - I n tl n .1 ~ n ~ I tt ~ tt ~ ~ I II :c. 11 I n ~ ~ ~ tt l- U I 
tt ~ 1I -( ~ I 
It L_-.l 
Fig. 40. Parking stall solution illustrated 
Solution narrative: 
Parking spaces specifically reserved for people who use wheelchairs 
or walking aids should be 13'0" (3965 mm) wide. Where two adjacent 
spaces are planned and entry can be gained by the car going in forward 
or in reverse, the width of both spaces plus access aisle located 
between the two spaces is illustrated in Fig. 40. 
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CURB RAMP 
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Problem illustration: 
Fig. 41. Curb ramp problem illustration 
Fig. 42. Curb ramp problem illustration 
Problem illustration: 
Fig. 43. Curb ramp problem illustration (Accessibility Standards 
Illustrated, 1978) 
4 
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Problem narrative: 
People in wheelchairs who use curb ramps need the curb ramps to be 
gently sloped. Curb ramps are usually too steep. or too high for people 
in wheelchairs to get over themselves. As illustrated in Figs. 41, 42, 
and 43, the curb ramp has a drop-off at the bottom which has caught the 
small wheels and have pitched the person out of the wheelchair as 
illustrated in Fig. 43. 
Design guideline: 
Curb ramps shall be provided whenever an accessible route crosses a 
curb. 
Curb ramps and ramps constructed on existing sites or in existing 
buildings or facilities may have slopes and rises as shown below if 
space limitations prohibit the use of a 1:12 slope or less. 
Table 4. Allowable ramp dimensions for construction in existing sites, 
buildings and facilities 
Max Rise Max Run 
Slopea in I11TI ft m 
Steeper than 1:10 
but no steeper 
than 1:8 3 75 2 0.6 
Steeper than 1:12 
but no steeper 
than 1:10 6 150 5 1.5 
a A slope of 1:8 not allowed. 
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The maximum rise for any ramp shall be 30" (760 mm). Maximum 
counterslopes of adjoining gutters and roads surfaces immediately 
adjacent to the curb ramp or accessible route shall not exceed 1:20. 
The minimum width of a curb ramp shall be 36 in. (915 mm) exclusive of 
flared sides. 
Surfaces of curb ramps shall be stable, firm, and slip resistant. 
ANSI A.117.1986 
Sections 4.7 & 4.8 
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Solution illustration: 
Fig. 44. Curb ramp - returned curb solution illustration 
Solution illustration: 
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Fig. 45. Solution illustration (section) 
Solution narrative: 
Curb ramps should be provided wherever an accessible route crosses 
a curb. Provide the least practical slope for any ramp or curb ramp 
subject to the following: 
Table 5. Slope, maximum rise and maximum projection 
Maximum Rise Maximum Projection 
Slope in mm ft m 
1: 12 to 1 :15 30 760 30 9 
1: 15 to 1 :19 30 760 40 12 
1:20 30 760 50 15 
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Ramps and curb ramps should have a minimum clear width of 3'0" (915 
mm) exclusive of edge protection or flared sides. 
Provide flare sides if ramps are located where pedestrians may walk 
across the ramp: flared slope should not exceed 1:10 wh~re a4'0" (1220 
mm) landing is provided at the top of the curb ramp. If less than 4'0" 
(1220 mm) is provided, the flared slope should not exceed 1:12. Where 
pedestrians will not normally walk across a ramp, returned curbs may be 
used (Fig. 44). 
Fig. 45 If followed correctly will help in preventing the problems 
of the slope and lip in curb ramp situations. 
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Solution illustrations: 
= 
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Figs. 46 & 47. Solution illustrations 
Illustrations of Fig. 45 which shows the maximum slope that should 
be used for curb ramps and also the elimination of lips by maintaining a 
common surface. As shown in Figs. 46 and 47 where a curb ramp comes in 
with a road instead of having a slope it might be appropriate to have a 
level surface before gently sloping up the curb ramp (Fig. 47). 
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DOOR-OPENING FORCE 
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Problem illustration: 
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Fig. 48. Door-opening force (problem illustration) 
Problem narrative: 
For many disabled people, it is extremely difficult or impossible 
to open some entrance doors (Fig. 48) as a result of the force required 
to overcome the door spring tension, air conditioning pressure, or high 
wind forces. Most disabled people on wheelchairs have to rely on their 
own momentum to push open heavy doors; this process can be very 
dangerous if the door is accidentally locked. 
Design guideline: 
The maximum force, expressed in pounds-force (lbf) and newtons (N) 
for pushing or pulling open a door shall be as follows: 
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(1) Fire doors shall have the minimum opening force allowable by 
the appropriate administrative authority. 
(2) Other doors: 
(a) Exterior hinged doors - 8.5 lbf (37.8 N) 
(b) Interior hinged doors - 5 lbf (22.2 N) 
(c) Sliding or folding doors - 5 lbf (22.2 N) 
These forces do not apply to the force required to retract latch bolts 
or disengage other devices that may hold the door in a closed position. 
ANSI Al17.86 
Section 4.13.11 
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Solution illustration: 
~lbFT 
Fig. 49. Door-opening force (solution illustration) (ANSI.Al17, 1986) 
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Solution illustration: 
Fig. 50. Door closers illustration 
Solution Narrative: 
The force required to open a door shall not exceed 8.5 lbf for 
exterior hinged doors and 5 lbf for interior hinged and sliding or 
folding doors (Fig. 49). If the 8.5 lbf is exceeded. an automatic 
assisted or automatic door opener should be installed on at least on 
doors at the major accessible entrance to the building. Apply force 
perpendicular to the hinged doors at the actuating device or 2 1 6" (760 
mm) from the hinged side. whichever is farthest from the hinge. For 
sliding or folding doors. apply the force gradually so that the applied 
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force does not exceed the resistance of the door. Air pressure 
differentials, especially in high rise buildings, can have an adverse 
effect on door opening force. Accessible openings located in these 
areas will sometimes need modification of this subsection or possibly 
the use of automatic or power-assisted doors to comply with allowable 
_ forces stated. Door closers with delayed features (Fig. 50) gives a 
person on a wheelchair more time to maneuver through doorways. 
